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MPR-SAT-FE-73-1 
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-512 
APOLLO 17 MISSION 
BY 


Saturn Flight Evaluation Working Group 
George C. Marshall Space Flight Center 


ABSTRACT 


Saturn V AS-512 (Apollo 17 Mission) was launched at 00:33:00 Eastern 
Standard Time (EST) on December 7, 1972, from Kennedy Space Center, 
Complex 39, Pad A. The vehicle lifted off on a launch azimuth of 

90 degrees east of north and rolled to a flight azimuth of 91.504 

_ degrees east of north. The launch vehicle successfully placed the 
manned spacecraf*. in the planned translunar coast mode. The S-IVB/ 
Iu impacted the lunar surface within the planned target area. 


This was the third Apollo Mission to employ the Lunar Roving Vehicle 
(LRV) during Extravehicular Activity (EVA). The performance of the 
LRV was satisfactory and, as on Apollo 15 and 16 Missions, resulted in 
a significant increase in lunar exploration capability relative to 

the lunar exploration missions made without the LRV. The average 
distance traversed with the LRV on the last three Apollo Missions 

was approximately 30 kilometers, where the average distance traversed 
on the three Missions without the LRV was approximately 3 xi lometers. 
The total distance traveled cn the lunar surface with the LRV on this 
Mission was 35.7 kilometers (17 miles). 


All launch vehicle Mandatory and Desirable Objectives were accomplished 
except the precise determination of the lunar impact point. It is 
expected that this will be accomplished at a later date. No failures 
or anomalies occurred that seriously affected the mission. 


Any questions or comments pertaining to the information contained in 
this report are invited and should be directed to: 


Director, George C. Marshall Space Flight Center 

Huntsville, Alabama 35812 

Attention: Chairman, Saturn Flight Evaluation Working 
Group, SAT-E (Phone 205-453-1030) 
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MISSION PLAN 


The AS-512 flignt (Apollo 17 mission) to the Taurus-Littrow site is 
the twelfth flight in the Apollo/Saturn V flight program, the seventh 
mission planned for lunar landing, and the third mission planned for 
the Lunar Roving Vehicle. The Apollo 17 missicn is the first Apollo 
flight planned for night launch and for translunar injection over the 
Atlantic Ocean. The primary mission objectives are: a) perform 
selenological inspection, survey, and sampling of materia!s and sur- 
face features in a preselected area of the Taurus-Littrow region; b) 
deploy and activate surface experiments: and c) conduct inflight 
experiments and photographic tasks. The crew consists of E. A. Cernan 
(Mission Commander)., R.. E. Evans (Command Module Pilot), and 

H. H. Schmitt (Lunar Module Pilot). 


The AS-512 Launch Vehicle (LV) 1s composed of the S-IC-I2, S-I1-i2, 
S-IVB-512, and Instrument Unit (1U)-512 stages. The eon (SC) 


Vehicle launch from Complex 39A at Kennedy Space Center (KSC) jis planned | 


along a 90 degree azimuth followed by a roll to a flight azimuth of: 
approximately 72 degrees measured east of true north. Vehicle mass at 
ignition is nominally 6,530,819 Ibm... Pepi eee eee 
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At 15 minutes after TLI, the vehicle initiates a maneuver to and 
holds inertial]. atti tude for CSM separation and docking, and CSM/LM 
ejection. Following attitude acquisition the SLA panels are 
jettisoned and the CSM separates from the LV. The CSM then trans- 
poses and docks with the LM. After ducking and latching, tie CSM/LM 
is spring ejected from the S-1VB/IU. Following separation of the 
combined CSM/LM from the S.IVB/IU, the S-IVB/IU performs a yaw 
maneuver and then an 80-second burn of the S-IVB Auxiliary Propulsion 
Systen (APS) ullage engines as an evasive maneuver to decrease the 
probability of S-1VB/IU recontact with the spacecraft. Subsequent 
to the completion of the S-1VB/IU evasive maneuver, the S-IVB/IU is 
placed ona trajectory such that it will impact the lunar surface 
ina target area located. between. the Apolio 14 and 16 landing sites. 
The lunar impact target is 7.0°S latitude and 8.0°W longitude. The 
impact trajectory is achieved by propulsive venting of hydrogen (H,). 
dumping of residual liquid oxygen (LOX), and by ground-commanded 
firing of the APS ullage engines. The S-IVB/IU impact will be 
recorded by the seismographs deployed. during the Apollo 12, i4, 15 
and 16 missions. S-IVB/IU lunar impact is predicted to occur at 

39 hours 16 minutes 08 seconds after launch for nominal flight. 


Several inflight experiments will be flown on Apollo 17 including 
experiments conducted by use of the Scientific Instrument Module. — 
_ (SIM) located in Section I of the SM, and flight experiments during 
earth orbit, transtunar coast, lunar orbit, and transearth coast... 
mission phases. aoe A ee 


Juring the 85-hour translunar coast, the astronauts will perform = 
star-earth landmark sightings, Inertial Measurement Unit (IMU)-- 
alignments, general lunar navigation procedures, and midcourse i. ae 
corrections... At approximately 88 hours and 50 minutes, a Service . 
Propulsion System (SPS), Lunar Orbit Insertion (LOI) burn of ©... 
approximately 395 seconds is initiated to insert the CSH/LM intoa 
51 by 171 nmi. al titude parking orbit. © Approximately two revolu- =. 
tions after LOI, a 22.9 secor2 burn wili-adjust the orbit to 15 by... 
59 n ai. altitude. | The LM is entered by astronauts Cernan and. 0" 
Schmitt, and checkout is- | et oo a 
‘tion in orbit, at 110 hours 28 minutes, ‘the LM separates fromthe <2: 
CSM and prepares for the lunar, descent. ;:The CSM -1s:then inserted Bete 
_ . into an approximately 62 n ais al titude circular ,orbit using 2.4.0 oe 
second SPS burn. The LM Descent: Propulsion Systes is used .to. brake = **." 

the LM into the proper landing trajectory and to maneuver. the IM ou 
during descent to the lunar ‘surface. Landing at Taurus-Littrow = _ 
is scheduled to occur at 113 hours 2 minutes. The landing site is - 
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Following lunar landing, three EVA time perinds of 7 hours each are 
scheduled ek, -which the as ronauts will exnlore the lunar surface 
in the LRV, col 


with a planned maximum of 75.0 hours depenting upor the outcome of 
current lunar surface opera tions pianning and of real-time operation- 
al decisions. 

The CSM performs an orbital plane change approximately 8 hours before 
rendezvous. LM 1iftorf nominally occurs at 183 hours 3 sinutes 

into the mission. The ascent stage insertion tanto a 9 by 48 nai. 
sltitude lunar orbit occurs approximately 7 mimites later. At 
approxima tely 190.0 hours the rendezvous and docking with the CSM 

4s accomplished. : . 


Following. docking, equ i pment transfer, and decontamination procedures, 
the LM ascent stage 1s jettisoned and targeted to impact the lunar 
surface at a point approx ima tely 9 km from the Apollo 17 landing 

site. Transearth Injection (TEI) ts accomplished at the end of i 
revolution 75 at approximately 236 hours and 40 minutes with a 142.2 
second SPS burn. ee ee ar 


During the 68-hour transearth coast, the astronauts will perform: js 
navigation procedures. star-earth-moon ‘sightings, the electro-; «= 


re 


phoretic separation demonstration, and as many as three midcourse 
corrections. The Comand Module Pilot will also perform an EVA to ~-- 
‘vetrieve film cassettes fross the SIM bays. * The SM separates from Pe 
the CM before re-entry. Splashdowm occurs in the Pacific Ocean .°°~ 
304 hours 31 minutes after liftoff. -re re eee aie 


After the recov very operations, a biological quarantine is not imposed od: 
on the crew and CM. . However, biological isolation garments will be. 
available for use in the event of unexplained crew illness. . ee 
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FLIGHT SUMMARY 
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The tenth manned Saturn Apollo space vehicle, AS-512 (Apollo 17 Mission) 
was launched at 00:33:00 Eastern Standard Time on December 7, 1972, from 
Kennedy Space Center, Complex 39, Pad A. The performance of the launch 

vehicle and Lunar Roving Vehicle was satisfactory and all MSFC Mandatory 
and Desirable Objectives were accomplished except the precise determina- 
tion of the S-IVB/IU lunar impact point. Preliminary assessments indicate 
that the final impact solution will satisfy the mission objective. 


The ground systems supporting the countdown and launch performed satis- 
factorily with the exception of the Terminal Countdown Sequencer (TCS). 
The TCS malfunction resulted in a 2 hour AQ minute unscheduled hold. 
Damage to the pad, Launch Umbilical Tower and support equipment was con- 
sidered minimal . — 


The vehicle was Jaunched on an azimuth 90 degrees east of north. A roll 
maneuver was initiated at 13 ‘seconds that placed the vehicle on a flight 
azimuth of 91.504 degrees east of north. In accordance with preflight 
targeting objectives, the translunar injection maneuver shortened the 
translunar coast period by 2 hours and 40 minutes to compensate for the 
launch delay so that the lunar larding could be made with the same light- 
ing conditions as originally planned. Available C-Band radar and Unified 
S-Bend tracking data plus telemetered guidance yelocity data were used in 
the trajectory reconstruction. Because the velocity at S-I! Outboard = = 
Engine Cutoff was higher than rominal, earth parking orbit insertion con- 
ditions were achieves 4.08 seconds earlier than nominal. Transimar — 
Injection conditions were achieved 2.11 seconds later than nominal with 
altitude 5.8 kilometers greater than nominal and velocity 5.1 meters per 
second less than nominal. CSM separation was Commander initiated 57.9: 
seconds earlier than nominal resulting ia an altitude 306.1 kilometers 
less than nominal and velocity 91.7 meters per.second greater. than nominal 
All S-IC propulsion systems rforned satisfactorily. In all cases, the .. 
propulsion performance was very close to the predicted nominal . -Qveratl 
stage site thrust was 0.30 percent higher than predicted. =Total_pro--.. 
pellant consumption rate wes 0.16 percent higher than predicted and the 
total consumed mixture ratio was 0.002 percent higher predicted... 
Specific impulse xture ta percent higher than predicted. - Tota! ‘propellant — 
consumption from Holddown Ara release to Outboard nes ¢ (0ECO) 
was low by 0.14 percent. Center Engine Cutoff (CECO) was initiated by" 
the Instrument Unit at 139.30 seconds. 0.02 seconds earlier than planned. . 


am Fy oa as 
ig-ee* “x * 


xii 


OECO was initiated by the fuel depletion sensors at 161.20 seconds, 0.47 
seconds earlier than predicted. This is well within the +5.99, -4.22 
second 3-sigma limits. At OECO, the LOX residual was 36,479 Ibu compared 
to the predicted 37,235 Ibm and the fuel residuz] was 26,305 1bm compared 
to the predicted 29,956 Ibm. ts” 


The S-II propulsion systems performed satisfactorily throughout the 
flight. The S-II Engine Start Cocmand (ESC), as sensed at the engines, 
occurred at 163.6 seconds. Center Engine Cutoff (CECO) was initiated 
by the Instrument Unit (1U) at 461.21 seconds, 0.47 seconds earlier than 
planned. Outboard Engine Cutoff (OECO), initiated by LOX depletion 
sensors, occurred at 559.66 seconds giving an outboard engine operating 
time of 396.1 seconds. Engine mainstage performance was satisfactory 
throughout flight. The total stage thrust at the standard time slice 

(61 seconds after S-II ESC) was 0.14 percent below predicted. Total 
propellant flowrate, including pressurization flow, was 0.19 percent 
below predicted, and the stage specific impulse was 0.05 percent above 
predicted at the standard time slice. Stage propellant mixture ratio 

was 0.36 percent below predicted. Engine thrust buildup and cutoff 
transients were within the predicted envelopes. The propellant manage- 
ment system performance was satisfactory throughout loading and flight, 
and ail parameters were within expected limits except the LOX fine mass 
indication. Propellant residuals at OECO were 1401 Ibm LOX, as predicted 
and 2752 Ibm LHo, 107 Ibm less than predicted. Control of engine mixture 
ratio was accomplished with the two-position pneumatically operated Mixture 
Ration Control Valves. Relative to ESC, the lower Engine Mixture Ratio 
step occurred 1.6 seconds earlier than predicted. The performance of the 
LOX and LH2 tank pressurization system was satisfactory. Ullage pressure 
in both tanks was adequate to meet or exceed engine inlet Net Positive 
Suction Pressure minimum requirements throughout mainstage. 


The S-IVB propulsion system performed satisfactorily throughout the opera- 
tional phase of first and second burns and had normal start and cutoff 
transients. S-IVB first burn time was 138.8 seconds, 3.7 seconds shorter 
than predicted for the actual flicht azisuth uf 91.5 degrees. This dif- 
ference is composed of -4.1 seconds due to the higher than expected S-II/ 
S-I¥B separation velocity and +0.4 second due to lower than predicted 
S-IVB performance. The enaine performance durina first burn, as deter- . 
mined from standard altitude reconstruction analysis, deviated from the — 
predicted Start Tank Discharge Valve (STDV) open +135-second time slice 
by -0.68 percent for. thrust and -0.14 percent for specific impulse. =~ _ 
The S-1¥B stage first burn Engine Cutoff (ECO) was initiated by the == 
taunch Vehicle Dicital Computer (LYDC) at 702.65 seconds. The Costinuous — 
Vent System adeauately regulated Liz tank ullage pressure at an average | 
level of 19.1 psia during orbit and the Oxygen/Hydrogen burner satis- 


k repressuri 
restart conditions were within specified limits. S-IV8 second burn tise - 
was 353.0 seconds, 4.0 seconds loncer than predicted for the 1.5. ;. | 
degree flioht azimuth. This difference is primarily due to the lowr . 2. 
mass during second burn. . The engine -- 


‘ . on . 7 : ~ 2 - : 
: : - - =~ 2 ” . a $ 
‘ = re ae ¥ ¢ : a Oy a i 4 . 
oe 3 on 7 ass "x 2% = ~ 3 es 7 a. * > a Ps #. = a ae ae pes ~~ Re * G3 a rr | 
5 ES aoe ebae ee ye i + + Peary 25 we gels “ OO gt igs: Bie! ¥ ® 
‘ow a nd ae Pw st: -* Pim tapos she, es ¢ f°? Meo 
a betes as, Se eas ae ae as 
: a 4 F . 


per formance during second burn, 25 determined from the standard alti- 
tude reconstruction analysis, deviated from the STDV open +172-second 
time slice by -0.77 percent for thrust and -0.16 percent for specific 
impulse. Second burn ECO was initiated by the LvOC at 11,907 .64 seconds, 
(08:51:27 64). Subsequent: to second burn, the stage sropeliant tanks 
and helium spheres were safed satisfactorily. Sufficient impulse 

was derived from LOX dump, LH2 CVS operation and auxiliary propulsion 
system (APS) ulsage burn to achieve a successful lunar impact. Two sub- 
sequent planned APS burns were used to improve lunar impact targeting. 
The APS operation wis nominal throughout the flight. Mo helium or pro- 
pelvant leaxs were observed and the regulator functioned nominally. 


The structural loads experienced during the S-IC boost phase were well 
below design values. The maximum bending moment was 96 x 106 Ibf-in 
at the S-IC LOX tank (less than 36 percent of the desian value). 
Thrust cutoff transients ‘expericnced: by: aS-512 were sicilar to those of 
previous flights. The maxifum longitudina| dynamic responses at the 


of the thrust cutoff responses are considered normal. During S-IC 
stage boost, four to five hertz osciblations -were detected beginning 

at approximately 100 seconds. The maximum amplitude measured at the IU 
was +0.06 g. Oscillations in the four to five hertz range have been 
observed on previous flights and are considered to be normal vehicle 
response to flicht environment. PO06O did not occur during S-IC boost. 
The S-II stage center engine LOX feediine accumulator successfully 
tnhibited the 16 hertz P0GO oscillations. A peak response of +0.4 9 


.sS 
cimbal pad durin steady-state engine operation. As on previous flights, 
low amplitude 11 hertz oscillations were experienced near the | 
SII burn. Peak enaine No. | gisbal pad response was +0.06 g. poco did 


The 
S.1VB stace burns were well below design yalues. During first burn the 
S-IVB experienced pied ay , *0.14 g, 16 to 20 hertz oscillations. 
on 


; comps 

flichts and within the expected range of values. Similarly, S-IVB 
second burn produced intermittent low amplitude oscillations of +0.10 9 
in the 11 to 16 hertz frequency range which peaked near second burn 


The Stabilized Flatfors and the Guidance Computer successfully supported 

the accomplishment of all guidance and navigation mission objectives with 
no discrepancies in performance of the hardwere. The end conditions at 
Parking Orbit Insertion and Transiunar Injection were attained with insig- 
nificant navigation error. Two anomalies related to the fli program did 
occur. At approximately 5471 seconds range tine (T5 +4718.8) sinor loop 
error telemetry {indicated at unreasonable change in the yew gisbal angle .. 
during one minor loop. At the re-initialization of boost navigation for 


¥ 
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S-IVB second burn the extra accelerometer readings normal ly telemetered fra 
GRR to liftoff plus 10 seconds were restarted and continued throughcut second 
burn boost navigation. Neither of these anomalies significantly impacted 
navigation, quidance and control. A minor discrepancy occurred during 

SII burn, when the yaw gimbal angle -fatled the zero reasonableness 

test twice, resulting in minor loop error telemetry at 478.3 seconds 

(T3 +317.2) and 559.4 seconds (T3 +398.2). 


All control functions and separation events occurred as planned. Engine 
gimbal deflections were nominal and APS firings predictable throughout 
powered flight. All dynamics were within vehicle capability, and bend- 
ing and slosh modes were adequately: stabilized. The APS provided 
satisfactory orientation and stabilization durina parking orbit and from 
translunar injection through the S-IVB/IU passive thermal control maneuver. 
APS propel lart consumption for attitude control and propellant settling 
prior to the APS burn for lunar target impact wes Jower than the mean 
predicted reouirements. All separation sequences were performed as 
planned. Transients due to spacecraft separation, docking, and Lunar 
Module ejection were nominal. | 


The launch vehicle electrical systems and. Emercency Detection System 

per formed satisfactorily throughout the required period of flight. How 
ever, the terperature of the S-IVB Aft Battery Mo. 1 Unit No. 1, 

increased significantly above toe nominal contro] limit (90°F) at approxi- 
mately 9 hours due to walfunction of the primary heater control system. 
Operation of the Aft Battery No. 1 remained nominal as did operation 

of all other batteries, power su Ties, inverters, Exploding Bridge 

Wire firing units, and switch selectors. 


The 3-IC and S-II base pressure environments were consistent with trends and 
magnitudes observed on previous flights. The S-Il base pressure environ- 
ments were consistent with trends seen on previous fiights, although 

the magnitudes were higher than seen on previous flights. The pressure 
environment suring S-IC/S-11 separation was well below maximum values. 


The S-IC base region thermal environments exhibited trends and magni tudes 
similar to those seen on previous flights except that the ambient tempera- 
ture under Engine No. 4 cocoon rose unexpectantly and at about 50 seconds and 
was approximately 13°C above the level experiended during previous flights. 
Durino the later portion of the S-IC boost, the temperature returned to 
normal. The maximum cococn temperature reached was well below the upper 
upper limit of the components under the Cocoon. The base thermal environ- 
ments on the S-II stage were consistent w.ch the trends and magnitudes — 
seen on previous flights and were well below design limits. Aerodynamic 
heating environments and S-I¥B base thermal environments were not 7 
measured. | : y. * # is 
The S-IC stage forward compartment toermal environment wes adequately 
saintained although the tesperature va.5 lower than experienced during 
previous flights. The S-IC stace aft compartment ‘enviromental condi- 
tioning syste performed satisfactorily. The S-I! stave engine compart- 
ment conditioning system maintained the ambient temperature and thrust 
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cone surface temperatures within design ranges thriighout the launch 
countdown. No equipment container temperature. mea -yrements were taken; 
however, since the external temperature were satizfactor, and there 
were no problems with the equipment- in-the- containers, the therma | 
control system apparent ty performed adequately. The IU stage Environ- 
mental Control System exhibited satisfactory performance for the duration 
of the IU mission. Coolant temperatures, pressures, anc flowrates were 
continuously maintained within the required ranges and design limits. 
At 20,998 seconds the water valve jogic was purposely. inhibited (with 
the valve closed). Subsequent temperature increases were as predicted 
for this condition. oe 7 


All data systems performed satisfactorily thr ughout the flight. Flight 
measurements from onboard telemetry were 99.8 percent re’iable. Tele- 
metry performance was normal except for noted problems: Radio Frequency 
propagation was satisfactory, though the usual interferer-:e due to flame 
effects and staging were experienced. Usable VHF data were received 
until 36,555 seconds (10:09:15). The Secure Range Safety Command 
Systems on the S-IC, S-11, and S-IVB stages were ready tc perform their 
functions properly, on command, if flight conditions durtng: Taunch 
phase had required destruct. The system properly safed the S-IVB 
destruct system on a comand transmitted from Bermuda (BOA) at 722.1 
seconds. The performance of the Command and Communications System (CCS) 
was satisfactory from liftoff through lunar impact at 313,181 seconds 
(86:59:41). Madrid, Goldstone were receiving CCS signal carrier at 
lunar impacy. Good tracking data were received from the C-Band radar, 
with BOA indicating final Loss of Signal at 48,420 seconds (13:27:00). 


Total vehicle mass, determined from postflight analysis, was within G.68 
percent of predicted from oround ignition through S-IVB stage final 
shotdown. This small variation indicates that hardware weights, pro- 

tiant loads, end propellant utilization were close to predicted 
yalues during flight. | 


The S-1VB/IU Lunar Impact Mission objectives were to impact the stage 
within 350 km of the target, determine the impact time within 1 second, 
and determine the impact point within 5 im. The first teo objectives ; 

have been met. Further analysis is required to satisfy the third objective. 
Pased on analysis to date, the S-IVB/1U impacted the moon December 1C, 
1972, 20:32:40.99 ExT (313,180.99 seconds after range zero) at 4.33 
degrees south latitude and 12.37 degrees west longitude. This location ~~ _— 


to the lunar surface wes 2,544 m/s 18,346 ft/s). The incoming heading 

angle was 83.0 degrees west of north and the angle relative to the local 
vertical was 35.0 d ° cting the moon was | | 
approximately 13, 31 kq (approximately 30,712 Ibu). Real-time targeting 


activities modified the planned first APS lunar impact burn to reduce the 
APS ullage burn duration. A second APS burn was performed to minimize 
the trajectory dispersion from the targeted impact point. 


Three MSFC Inflioht Demc~strations were conducted during trans!unar coast. 
The purpose of the Demonstrations were to ohtain data. in a low g environ- 
ment on: 


a. Convection in a Liquid Caused by Surface Tension Gradients. 
b. Heat Flow and Convection in a Confined. Gas... 
c. Heat Flow and Convection in a Liouid. 


The Demonstrations were conducted as planned. The data were collected 
by movie camera and crew observation, was of good quality, and is presently 
being analyzed. tte ae. ee er a eee ” 


The Lunar Rovino Vehicle (LRV) satisfactorily supported the Apollo 17 
Taurus-Littrow lunar surface exploration objectives. The total odometer 
distance traveled durina the three EVA's was 35.7 kilometers at an 
average velocity of 7.75 km/hr on traverses. . The maximum velocity .—. 
attained was 18.0 km/hr and the maximum slopes necotiated were 18 degrees 
up and 20 degrees down. The average LRV energy consumption rate was 1.64 
amp-hours/km with a total consumed energy of 73.4 amp-hours (including 
14.8 amp-hours used by Lunar. Communication Relay Unit) out of an approxi- 
mate total available energy of 242 amp-hours. The navigation system gyro 
drift and closure error were negligible. | : 


Controllability was good. There were no problems with steering, braking, 
or obstacle negotiation. Brakes were used at least partially on all 
downslopes. Driving down sun was difficult because the concealed sha- 
dows caused poor obstacle visibility. ar oe © 24 


While the LRV had no problems with the dust, stowed payload mechanical 
parts attached to the LRV tended to bind up. The crew described dust ~_ 
as being an ant{i-lubricant and reported that there was no EVA-4 capability 
in many of the stowed payload items because of dust intrusion. Large 
tolerance mechanical items such as locking bags on the gate and the pallet 
lock had problems toward the end of EVA-3. Only those items which had 
been protected from the dust performed without degradation. cue et 


, 


All interfaces between crew, LRY and ‘stowed payload were: satisfactory. | 


The following LRY system a shies were Woted’s ge; © wen 8? a: 
, eratures were higher than 


5 ? 
* > 


a. At initial power-up» the LRV battery 
predicted. - | 


b. Battery No. 2 temperature indication was off scale low at start of | 
EVA-3. Co adn OG ; a ye oe 
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MISSION OBJECTIVES ACCOMPL I SHMENT 


Table 1 presents the MSFC Mandatory Objectives and Desirable Objectives 
as defined in the “saturn V Apollo 17/AS-512 Mission Implementation Plan,” 
MSFC Document pM-SAT-8010.10A, dated September 29, 1972. An assessment 
of the degree of accomplishment of each objective 4s shown. Discussion 
supporting the assessment can be found in other sections of this report 


as shown in Table 1. 













SFC MANDATORY OBJECTIVES A] 
PAD DESIRABLE OBJECTIVES {0} 





Launch on @ flight ariauth between 72 and 
100 decrees and desert the $-1ve/1Usst 
fate the janned circelar carta porking 














Target the S-1W8/I1¥ $ ; fer tapect on as 
the lunar surface at 7. , 8.0°w. (00) te 


Ceterwine actual fapact poiat withia § ile 
seters, and time of tapect within 1 second. : 


4 
+ 










. ’ 
=. nan ee te os 
- “,.e . 


After fine? L¥sSc 
the remaiaing geses 
. the $-18/10. (0) woe 


FAILURES AND ANOMALIES 


so. Oo 


t. 


of th 


lies, 


Evaluation 
nine anoma 


ly 
in Tab 


ficant an 


le 3. 


summarized 


eae t 


ry 


‘exfac- 


lace all 
etwa TCS dt 





T-30 sec. | Rep 






ap 





\ 
’ 
‘ 
t 
: ny 
‘ , § 
4 
’ 
“ig ' ! 
« 7 * 
® 
‘ . : 
. if Hy é 
A a id 
a ‘ * “ te 2 ’ i : ‘ : q ¢ 
? . ‘~ . s , . 
1 . Soe : F ae vw, 4, ~ . as ‘ . 4 ' n 
. . 8 = ? 
55 7 ea yee id pa. 1 > ‘ ‘ 
a = * t 
hy Re aN ‘, . i a ae | 
hi ¢. hag eo a 4% 1 2 “s ¢ ” A '. bj i J : : aara| 
5 + ” . ’ : 
é " ve? oe 
. rantas i « {ress ti wet 4 molt ™ . *) No ‘ pe 
* an Pee oe at. ae ron * ee R » i ¢ tor 
hoe. ie : Me MEK Vee : . . Pe eh woos 
“ . tes 2 > fag yt ys ’ i it a J fo et ae 
*s tos Fhe We r ' 7 aes ‘ 
7 cae a : * ' abe Aes x! ‘ wy as hos ts “= < ‘ 
R * « Ps A iy ee ce a oy t t oar [ie] qu a 2 
pag tele ER pe a Ba Ba ee : 
i ‘ . ati To: Rh le wits an) 1 ; ' 
” yee an: ait 8 roy eet ‘a 
away “Se tat : ee 





1 te A a ' poe ta % 1 a ‘ 
i. Py SM raat arr te im ry ; bs oy 4 % 7 * ‘ _ wt 
“ ae SED © ‘& cet, ate pele stm 4 “¢ 
a PB ted ; ye” , ca ' : ry 
a stew dy: Ie ALeNe BN ge wb te a rae MS tee ty 
ces ky an tees wow, . ie et — 
site > eS % ‘ Re . 1,4 abt 
egy Rc PARR TE OS 
Weta Joie ati core Ds * q ‘ mara Kae. 
a ied ert 4 t. ee ee eo ee & as ay e.2 af: Tom, 2 ‘ 
ee ER RN : . wy eae She, Stolk ES . shh 
ear wey Mrs ony ae é x ees ar : 7 . a i a > ee ee . 
; Ny by sigs + ipa “8 » : , ri wee * . s 
eae L. lf i.) engi i a i ‘ ' v aren ¢ . a 
: a oan Ta oe . ne 
ys ? . 4A  @ S rie ota oe ¥ ie a 
wae yas phic" ‘ poo. - needs ® 
Ta ee, he or eee ee ie Tet 
eT eg he alle es fe Seah oe 
‘ Bs wo naa 5 ; he ely PT Bibel es . . Beg fe rr “ _ + 
eG ey cS ee wa Oe ae ae fs ee 
Ray REL Rey Sn SE at anes ee 
ay me | t ” Lead *, *. gy 8S r % .- et te fe Neate 
Ga es in Aamo tact Se o fie yw or he vege): Me eo * rio 
a weber eb Pre ia ee ees hes 
SER tte ee tg bon gsiemens te AR a 
. ed “Ay a oy : af, ‘ ar) ’ " Fs se ra “ at % aa = re @ * 
ag as! 2 Sar 4 sails 5 s zt La Ae: Ey aa 


way oy” 
Nae “ion hs 
. 


a wetery 
‘ aoe 




















C 7 F 





















































ike 
is 7 H 
aH pestis antes | it 
robat ny sf a: ] +H : 
ae Tat a 
3| alli HS : 
| [thas : : 
i te 
E a. Sas! 
L ay fit ZIB8S 


Table 3. 


SECTION 1 
INTRODUCTION 


ee ee 


1] PURPOSE 


This report provides the National Aeronautics and Space Administration 
(NASA) Headquarters, and other interested agencies, with the launch 
vehicle and Lunar Roving Vehicle (LRV) evaluation results of the AS-512 
flight (Apollo 17 Mission). The basic objective of flight evaluation is 
to acquire, reduce, analyze, evaluate and report on flight data to the 
extent required to assure future mission success and vehicle reliability. 
To accomplish this objective, actual flight problems are identified, their 


Causes determined, and recommendations made for appropriate corrective 


action. 


1.2 SCOPE 


The official George C. Marshall Space Flight Center (MSFC) position at 
this time is represented by this report. It will not be followed by a 
similar report unless continued analysis or new information should prove 
the conclusions presented herein to be Significantly incorrect. 
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SECTION 2 
EYENT TIMES 
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2.1 SUMMARY OF EVENTS 


Range zero occurred at 00:33:00 Eastern Standard Time (EST) (05:33:00 
Universal Time (uT]) December 7, 1972. Range time is the elapsed time 
from range zero, and 1s the time used throughout this report unless other- 
wise noted. Time from base time is the elapsed time from the start of the 
indicated time base. Table 2-1 presents the time bases used in the flight 
sequence program. 


Table 2-1. Time Base Summary 














GROUND TIME** 
SECONDS 
(HR:MIN: SEC) 







VEHICLE TIME* 
SECONDS 
(HR: MIN: SEC) 


TIME BASE SIGNAL START 














-16.96 -16.96 Guidance Reference Release 













IV Umbilical Disconnect 
Sensed by LVDC 


0.63 0.63 


339.44 Initiated by LvDC 0.013 
Seconds after LB) +138.8 


Seconds 









139.44 





161.22 161.22 S-1C OECO Sensed by LYDC 










559.65 559.65 S-I1 OECO Sensed by LVDC 





s-1VB ECO (Velocity) 
Sensed by LVOC 


702.87 














702.87 


Restart Equation Solution 










10,978.65 
(03:02:58.65) 


11,907 .87 
(03:18:27 -87) 


10,978.65 
(03:02:58.65) 









S-1VB ECO (Velocity) 


11,907 .87 
Sensed by LYOC 


(03:18:27 .87) 










18,180.00 
(05:03:00.00) . 


Initiated by Ground 
Command 


18,179.88 
(05:02:59.88) 







*Range Time of occurrence a5 indicated by uncorrected LVDC clock, 
j.e., the time of event as tagged onboard, converted to range time. 


t#Range Time of Ground receipt of telemetered signal from vehicle. 
includes telemetry transmission time and LYDC clock correction. 
Figure 2-1. 
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The start of Time Bases To, Ti, and T2 were nominal. T3, Ta and 

Ts were initiated approximately 0.5 seconds early, 0.4 seconds early, 

and 4.1 seconds early, respectively, due to variations in the stage burn 
times. [nese variations are discussed in Sections 5, 6 and 7 of this 
document. Start times of Tg and i7 were 1.9 seconds early and 2.1 seconds 
late, respectively. Tg was initiated by the receipt of a ground ~~ 
command. 


Figure 2-| shows the mean difference between ground station receipt time 
and vehicle tagged time which may be used for precise comparisons between 
onboard guidance and navigation data that is time-tagged onboard and | 
other data that 1s time-tagged by time of telemetry signal receipt at a 
ground station. oe 


A summary of significant event times for AS-512 is given in Table 2-2. 

The preflight predicted times were adjusted to match the actual first 

motion time. the predicted times for establishing actual minus predicted = 
times in Table 9-2 were taken from 40M33627D, “Interface Control Document 
Definition of Saturn SA-511, 512 and 514 Flight Sequence Program” aiid 

from the AS-512 Postlaunch Operational Trajectory (OT). The postiaunch 
operational! trajectory, MSFC Memorandum SRE-AERO-MFT-200-72, correcting 

the earlier OT for the adjusted flight azimuth, was used because of the” 7 
launch delay. 


Oe VARIABLE TIME AND COMMSNDED SWITCH SELECTOR EVENTS 


Table 2-3 lists the switch selector events which were issued during the 
flight, but were not programmed for specific times. 


GROUND TIME*MINUS LVDC TIME, MILLISECONDS 


300 


25 


oS 


200 


150 


100 


50 


*, 


[Al 


10 ,000 20,000 30 ,00¢ 
RANGE TIME, SECONDS 





2:00:00 4:00:00 6:00:00 8:00:00 
RANGE TIME, HOURS : MINUTES: SECONDS 


* RANGE TIME OF GROUND RECEIPT OF TELEMETERED SIGNAL FROM VEHICLE. 
# = RANGE TIME OF OCCURRENCE AS INDICATED BY UNCORRECTED LVDC CLOCK. 


Figure 2-1. AS-512 Telemetry Time Difference 
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Table 2-2. Sianificant Event Times Summary 


CUILCANCE SEEF RENCE PELE ASE 
(Ger) 


$-1C FSGINE taal SEQUENCE 
CCVMAKL CC AQunt 


S-1f. ENGTRE ar.s STaat 
S-1C EXGIAE CoS sraay 
K-10 ENGINE “SOe7 sTaet 
S-1C FSGIAE NOW2 staat 
S-1C ENGIARE KCO4% Start 

ALt S-1C FNGINES THALST CK 
Mance LEPC 


ALL FCLCOOCWN anms RELEASED 
LETRST KCTECND 


tu UMPRPSLICal CISCCNNEC Te STaat 
Ce TIF PASF I cri) 


AEGIA TCWEP CLESR ANCE VAW 
MAAEL WER 


ENC Yaw MANEIIVE® 

RPEGIN BPLTCh AAC RCLL MANEUVEP 
S-1C CLTBC APD EAGENE Cant 

EAC POLL MBNEVVER 

MACH 1 


wax ru" OVA SPEC PPESSURE 
«wax 03 


S-1C CEATEP EAGIAE CUTCFF 
(CECC) 


START CF TIME AASE 2 (12) 


END PITCH MANEUVER CTEILS 
ARREST 


$-1C OuTsgaRrod ENGINE CUTCFF 
«{ceEcc) 


START CF TEPE SASE 3 «135 


actual 
SEC 


-~-17.0 


-8.% 


67.5 


a2.5 
139.30 


139.4 


160.1 
161.20 


161.2 


2-4 


aC 1-eR FI: 
SEC 


-0.47 


-0.5 


Trae fucw past 





BC T-OF FL 
SEC 


et ais o.+ 


0.0 


Lee 8 


Table 2-c. Significant Event Times Surmary (Cont'd) 







Event DESCATETION 









crart S-1l U2 TANK HIGH 
PRESSURE WENT CTE 







2$ S-1T LH2 PECTRACULATICN PuMes 
CFF 


26 g-1c/S-T1 SEPARATION command 
TC FURE sep aan aTICh CEVICFS 
akc aeTa0 er ICRs 








27 Ss-Ti ENGINE SCLEACIC aCTivat— 
ICN (AVERAGE CF FIVE) 






26 S-Il ENGINE START SECUENCE 
ccemanc (ESC) 


s- tl IGASTICN-STOV CPE 














30 S$-I1 MRINSTAGE 

31 S-lIl CrEILLOCHN VALVES CLCSE 

32 S-I1 HIGH €5.5) EWR NCo 1 Of 

34 S-I1 SseCONO PLANE SEPARATION 
CcwMaARO CJETTISCN S-t1 AFT 
INTERSTAGE) 


35 LAUACH ESCAPE TOWER (et) 
JETTISCN 








36 ITERATIVE GUIDANCE “COE C1Gr4 
PHASE i IAETIATED 


37 S-I1 CEATER ENGINE CUTOFF 
«cecc? 


36 START CF BRTLFICTAL TAU MOOE 







39 S-!tI LOW ENGINE MEXTURE ratio 
{erry SHIFT CACTUAL) 


40 ENC CF ARTIFICIAL TAU POOE 


41 S$-T! CUTBCARC ENGINE CUTCFF 
q«aecch 





42 S-31 EAGINE CUTCFF INTERRUPT. 
START OF TIME AASE 4 (14) 








43 S$-1VB ULLAGE wOTOR IGNITION 


4% S-11/5-1V8 SEPARATION CCeMAND 
TC FIRE SEPARATICH OEVICES 
anO RETRC MOTORS 





*Data not available. 























42.9 


259.98 


327.8 





328.0 








337.8 


398.43 





am ntenstane va carpe oe” maze 





&% 


4&6 
a? 
44 
a9 
50 
$1 
<2 
$3 
54 


$5 


56 


$7 


$8 
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64 
61 
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64 


65 


66 
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Table 2-2. Significant E 


EVENT CESCRIET INS 

s-ryea ENG ING ,Tagt Cr @wast) 
qerast #30) 

FUEL ceict ota prjyeo CFE 
S-1vA IGATTICS qstcv CeeAl 
s-ivA #48 12. S TAGE 
start CF aargercrar FAL eQne 
S-tve ULLSGE case JETTISEN 
enc CF AaTIFICTAL tay SCre 
AEGIN TERPIAAL GUELANCE 
ENG IGM Pr ASE 3 
BEGIN Cri FREEZE 


$-1VB vELCCITY CUI 
CCRMARD NEe 1 ef tast eco} 


S-1 VB vELCCITY CcuMr Fre 
CCPMARC No 2 


S-1VA ENGIAE CutcrF INTERRUPT» 


start CF Time BASE 5 (T5) 


S-[v8 APS ULL AGE EAGCIAE PAC. 
{GAITICN commanct 


S-1V@ APS ULL AGE ENGINE MO 2 


IGNITICN come anc 
LCx TANK PRPESSUREZATICA rrr 
PARKIAG CAelt IASERTICS 


REGIN MANEUVER TO Local 
HCRIZCATAL atTITUCE 


S-Iv8 CCNTIAUCUS VENT 
SYSTEP (CVS) CK 


S-1VB APS VEL >: - F°UINE NO. 
CUTCFF CC#P ant 


g-Sve aS ULL AGE EAGEINE NCo 2 


CuTceF cCrr ant 


BEGIN oreitat NAVIGATICN 


BEGIN S-IVBS RESTART PREPARA 


i 


I 


TICNSe START CF TIPE ease 6 


(Té) 


*Qata not available. 





7102-9 


703.4 


7103.2 


7104-0 
712-6 
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Table 2-2. Significant Fyent Times Summary (Cont'd) 


S-1VAR C2sE2 AUOKES t&2 ON 11c?9.9 


S-1V8 Case? PHORED FXCTTERS CA 11102062 


S-1Ve C2s/h2 RUBNES LOX CN 11370.6 
(PEL IUM FEATFU oN) 

S-Tve CVS CFF L1020.8 

S-{ VB LH2Z REPRFESSLETZATION 1LC26.7 
CCNT@CL VALVE CA 

S-IVA LOX PEPPESSUPEZATION 11076.9 
CCATACL val VF CN 

S-EVR ALX MYCRALLIC PUPP 11197.4 
FL IGRY MCTE ON 

S-iVvV8B LOX CRILEDE RA PtHP CA 11727.6 

S<1VP LZ CRILLCCHS Pure ON 11232.6 

S<-I[VP PREVALVES cIrsec 127727.& 

S-1¥R MIXTURE RATIF COATACL 1142@.7 


VALVE CPER 


S-1 VB APS ULL AGE EACHAE AC. TL pLi47ee9 
IGNITION COMMANC 


$-1V8 APS ULL AGE EAGIAE AC. 2 FLL475.0 
IGNITION COMMANL 


S-1VB f2/H2 PURRER LH? CFF 11415. 
QPEL IUM KEATER CFF) 

S-1V8 C2/H2 PURNER LCOx CFF 11479.9 

S$-1VEB LH2 CHILECCHA Pure CFF 11948.¢ 

S-1V8 LOX CkIcLOCSN PyMP CFF $1548.27 

S-1VB ENGIAE RESTART CCPANC 115486 


(FUEL LEAG INITIATION) 
(SECCNC ESC) 


S-1ve@ APS ULLAGE ENGENE KO. & J11551-6 
CUTCFF CCPMANC 


S-1¥6 APS LLLAGE ENGINE AC. 2 #11551.7 
CUTCFF corwanc! 


s-1v¥8 SECONC IGNITICK {STOvV 11556e6 
CPENS 
S-IVA MAINSTAGE 11559.2 
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Table 2-2. Significant Event Times Summary (Cont'd) 
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Event VESCOTPTICN 


ENGINE “ExtePe aati Eve) 
CrATace watve SFIFT [OFGEN 
VALVE HC VEYENTE 


S-fva Le2 STEP pee SSue PZarien 
(SFCTAD ALAN WELAY FFF) 
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BEGIN CeI FEERZE 


S-1v8 SECEAC GUICeRCE CUTCEKF 
cceMand AO. ft (SFCUND €0299 


S$-1¥@ SECCNC GuICsace® CUTCFF 
CCMMARC NEw 2? 


5-148 ENGINE CUICEF INTERRUPT. 


staRyY WF TIME SSSE 7 CTT) 

$-1¥8 <VS ON 

TAARSLUAAR INJECTION (TET) 

S-IvB CvS CFF 

PEGIAN CRALTTAL NAVIGSTICA 

AEGIA MANEUVER TC LCCAl 
HORIZCNTAL ATTETLOE 

BEGIA PaNEUVE? TC TRANSOCSI- 
TICN AND PCCKIAG atTTITUNE 
({TCCE) 

CS™ SEPARATICA 
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START OF TIME BASE E (rad 


S-ive aPS ULL AGE EACINE AC. I 
IGAITICA CCPPARC 


S-IVe AMS ULL AGE ENCINE “O. 2 
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Table 2-2. Significant 


EVENT DESCRIPTION 


Initiate Maneuver to LOX Oump 
Attitude 


S-1V8 CYS ON 
S-1VB CVS OFF 


End LOX Dump Required for 
S-1¥B APS Burn 


S-1¥B APS Ullace Encine Ko. I 
Ignition Command 


S-1¥B APS Ullage Enaine to. 2 
Ignition 


S-1¥B APS Ullaae Engine No. I 
Cutoff Command 


$-1VB APS Ullage Engine No. 2 
Cutoff Command 


2nd Lunar Impact Maneuver 
Cormand 


S-7"B APS Ullace Engine ho. 1 
Ignition Cocmand 


RN 


S-IVB APS Ullace Engine NO. 
Ignition Conard 


S-1VB APS Ullace Encine Ko. 1 
Cutoff Command 


S-IVB APS Ullace Encine No. 2 
Cutoff Command 


Dassive Thermal Control 
Maneuver 


Flight Control Comouter Power 
Off 


“Ss Subcarrier Off 


S-1¥B/IU Lunar Impact (Hours) 
(HR: MIN: SEC) 


Event Times Summary (Cont'd) 











18,,760.0 | 
19,379.8 
19 680.0 | 


19 507.9 | 


22 ,199.8 





22,200.0 
22,297 .8 
— 
39 ,760.0 
40 ,499.8 
£0 ,500.0 
40 601.8 
49 ,602.0 


&3 510 


41 ,532 


49,260 


86.995 


86:59:41 


eepredictions not available. 
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Table 2-3. Variable Time and Commanded 


FUNCT ION STAGE 


Low (4.8} EMR No. 1 ON 
Low (4.8) EMR No. 2 ON 


water Coolant Valve 
Clased 


Telemetry Calibrator 
Inflight Calibrate ON 


TM Calibrate ON 
™ Calibrate OFF 
Telemetry Calibrator 


Inflight Calibrate OFF 


Water Coolant Valve 
Open 


Telemetry Calibrator 
inflignt Calibrate On 


TM Calibrate ON 
™ Calibrate OFF 


Telemetry Calibrator 
Inflignt Calibrate OFF 


Telemetry Calibrator 
Inflight Calibrate ON 


™ Calibrate ON 


TM Calibrate OFF 


Telemetry Calibrator 
Inflight Calibrate OFF 


S-Ti 


(SEC) 
489 .9 
é89.2 
780.5 


3216.1 


3236.5 


3217.5 


3221.1 


3480.5 


8732.3 


$712.5 


4713.5 


4717.1 


5344.1 


5344.5 


5345.5 


5349.1 


RANGE TIME 
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iME FROM BASE 


(SEC) 
T3 +327.8 
Ty +3220 

Tg +77 .6 


Ts #2513.2 
Te *2513.6 
Ts +2514.6 
T. 2518.2 
Ts +2777.6 
Ts +4009.2 
7. +4009.6 
Tr +4010 .6 
Ts +4014.2 


Ts +4641 .2 


Switch Selector Events 


LVSC Function 
LYDC Functton 


LVYCC Function 


Acquisition by Carnarvon 


Revolution 1 


Acquisition by Carnarvon 


Revolution | 


Acquisition by Carnarvon 


Revolution 1 


Acquisition by Carnarvon 


Revolution } 


LYDC Function 


Acquisition by 
Hawaii Rev. 1 


Acquisition by 
Hawaii Rev. } 


Accuisition by 
Hawait Rev. | 


Acquisition by 
Goldstone Rey. 


Acquisition by 
Goldstone Rev. 


Acquisition by 
Goldstone Rev. 


Acquisition by 
Goldstone Rev. 


Acquisition by 
Goldstone Rev. 
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Table 2-3. Variable Time and Commanded Switch Selector Events (Contd 


STAGE RANGE TIME 
(SEC) 
TU 


Telemetry Calibrator 6928.1 
Inflight Calibrate ON 

























™ Calibrate ON 6928.5 





TM Calibrate OFF 6929.5 









6935.1 









Telemetry Calibrator 
Inflight Calibrate OFF 


Telemetry Calibrator 
Inflight ON 


™ Calibrate ON 






™ Calibrate OFF 8809.5 


8813.1 





Telemetry Calibrator 
Inflight OFF 













Telemetry Calibrator 10264.1 


Inflight Calibrate ON 














T™ Calibrate ON 10264 .5 





TM Calibrate OFF 10265.5 








10269. 







Telemetry Calibrator 
Inflight Calibrate OFF 






Telemetry Calibrator 10888. 1 


Inflight Calibrate ON 








TM Calibrate OM 10888 .5 







TM Calibrate OFF 10839 .5 






Telemetry Calibrator 10893.1 


Inflight Calibrate OFF 
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TIME FROM BASE 
(SEC) 
Ts +6225.2 
T. +6225 .6 
Lr +€226.6 
Tg +6232.2 
Tg +8105.2 
Te +8105 .6 
Ts +8106.6 
Ts +8110.2 
+9561 .2 
Tf 9561.4 
Ts +9562 .6 
T. +9566 .2 
7, #10185.2 
Ts; +10185.6 


Ts +10386.6 


Ts +#10390.2 


Acquisition by 
Ascension Rev. 2 


Acquisition by 
Ascension Rev. 2 


Acquisition by 
Ascension Rev. 2 


Acquisition by 
Ascension Rev. 2 


Acquisition by 
Carnarvon Rev. 2 


Acquisition by 


Carnarvon Rev. 2 


Acquisition by 
Carnarvon Rev. 2 


Acquisition by 


Carnarvon Rev. 2 


Acquisition by 
Hawaii Rev. 2 


Acquisition by 
Hawaii Rev. 2 


Acquisition by 
Hawaii Rev. 2 


Acquisition by 
Hawaii Rev. 2 


Acquisition by 


Goldstone Rev. @ 


Acquisition by 


Goldstone Rev. 2 


Acquisition by 


Goldstone Rev. 2 


Acquisition by 


Goldstone Rev. 2 
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Table 2-3. Variable Time and 


Telemetry Calibrator 


Inflight Calibrate ON 


™ Calibrate ON 


™ Calibrate OFF 


Telemetry Calibrator 


inflight Calibrate OFF 


water Coolant Valve 
Closed 


s-1¥B Ullage Engine 
No. 1 ON 












s-1vVB Ullage Engine 
No. 2 ON 


s-1V8 Ullage Engine 
No. 1 OFF . 


S-1VB Ullage Engine 
No. 2 OFF 


S-1¥B Ullage Engine 
No. | ON 


s-1VB Ullage Engine 
No. 2 ON 


s-1¥B Ullage Engine 
No. 1 OFF 


S-1VB Ullage Engine 
No. 2 OFF 


Power OF 


Flight Control Computer 


Power OFF 8 


Water Coolant Valve 
Open 


Flight Control Computer 


STAGE 


Commanded Switch Selector Events (Cont'd) 


RANGE TIME 
(SEC) 
12375.2 
12175.6 
12176.6 
12186. 2 
19079 .8 
22199.8 
22200 .0 
22297 .8 
22298.0 
404599 .8 
40500.0 
40601 .0 
80602 .0 
41521.0 


41532.1 


41554.3 
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TIME FROM BASE 


(SEC) 
T, +267.3 


Ty +267.7 
T7 $268.7 
Ty 4272.3 
Tg +899 .9 
Tg +4020.9 
Tg +4020.2 
Ts +#4118.0 
Tg +4118.2 
T5 #22320.9 
Tg #22320. 3 
Tg #22421 .9 
Tg +22422.1 
Tg +23341.1 


Tg #23382.2 


Tg #23374.4 


— 


REMARKS 
Acquisition by 
Ascension 


Acquisition by 
Ascension 


Acquisition by 
Ascension TLC 


Acquisition by 
Ascension TLC 


LYOC Function 
Lunar impact Burn 
No. 1 


Lunar Impact Burn 
No. } 


Lunar Impact Burn 
No. } 


Lunar Impact Burn 
No. 1 


Lunar Impact Burn 
No. 2 


Lunar lapact Burn 
No. 2 


Lunar Impact Burn 
No. 2 


Lunar Impact Burn 
No. 2 

ccs Command 

CCS Command 


Lvoc Function 
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SECTION 3 
LAUNCH OPERATIONS 


. SUMMARY 


The around systems supportina the AS-512/Apollo 17 countdown and Taunch 
nerformed satisfactorily with the exception of the Terminal Courtdown 
Seauencer (TcS). The TCS malfunction, which is discussed in naraaraph 
3.3, resulted in a 2 hour and 40 minute launch delay. The space vehicle 
was launched at 00:33:00 Eastern Standard Time (EST) (05:33:00 UT) on 
December 7, 1972, from Pad 39A of the Kennedy Space Center, Saturn 
Complex. Damage %9 the pad, Launch Umbilical Tower (LUT) and supnort 
equipment was considered minimal. 


3.2 PRELAUNCH MILESTONES 


A chronological summary of prelaunch milestones for the AS-512 launch is 
contained in Table 3-1. 


3.2.1 Ss-IC Stage 


—§-IC stage and GSE systems performed satisfactorily durina countdown 

with the exception of three failures which were subseauent lv corrected. 

The fariures were ii tne (1) Safe and Arm Devices (S&A). (2) Remote Digital 
Sub-Multiplexer, and {3} F-1 Engine No. > Gas Generator Igniter. The 

Safe and Arm Device failed to respond to a safe command. Possible 

causes for the failure were determined to be low voltage, improper 
installation, or a defective unit. The Safe and Arm Device and its mounting 
block were replaced and the replacement unit performed satisfactorily. 
Bench tests of the suspect unit failed to duplicate the problem and dimen- 
sional anaiysis of the unit and mounting block was satisfactory. Analysis 
did reveal, nowever, that output toraue of the solenoid at the lower end 

of the voltage curve was marainal with respect to the toraue requirements 
of the mechanical linkage of the SSA device. As a precautionary measure, 
the countdown procedure was chanced to arm the device at T-33 minutes 
instead of T-5 minutes to eliminate the need for recycling to T-22 

minutes in the event of a hold. In addition, the provision was made to 
increase the stace bus voltaae to 30 V if the unit should fail to arm 
durina the count. 


At the T-9 hour scheduled hold the Remote Digital Sub-Multiplexer (RDSM) 
failed and an 8 ampere current surce of one minute duration was recorded. 
The RDSM was replaced and satisfactorily retested. The cause was 
isolated to shorted ceramic capacitor (C7) in the power supply card. 

As a result of failure analysis it was concluded that the failure was 
random and no corrective action is anticipated. 


Table 3-1. 





October 27, 1979 
vecember 2}, 1979 


June 16, 1971 
Gune i7, 0901 
“arch 24, 1972 
‘arch 24, 1972 
May 11, 1972 
May 15, 1972 
May 19, 1972 
Sune 2, 1972 
June 7, 1972 
June 26, 1972 
June 23, 972 
July 12, 1972 
August 1, 1972 


Ma 


AS-512/Apollo 17 Prelaunch Milestones 


S-1{-12 Stage Arrival 
S-IvB-512 Stace Arrival 

Lunar Module (LM)-12 Ascent Stage Arrival 

nar Modute (LM}-12 Descert Stage Arrival 
Spacecraft/Lunar Module Adapter (SLA)-21 Arrival 
Coumand and Service Moduie (CSM)-114 Arrival 

S-1C-12 Stage Arrival 

S-1C Erection on Mobile Launcher (ML)-3 

S-l1 Erection 

Lunar Roving Vehicle (LRV)-3 Arrival 

Instrument Unit (1U)-5t2 Arrival 

tt Erection 

S-1VB Erection 

tauncn Vehicle (LV) Electrica? Systems Test Completed 
LV Propellant Dispersion/Ma! function Overall Test (OAT) 


Camp te te 

~¥ service Arm OAT Complete 

LRY installation 

Spacecraft (SC) Erection 

Space Vehicle (SV)/ML Transfer to Pad 39A 
S¥ clectrical Mate 

sy UAT Ho. 1 (Plugs In) Complete 

SY Flight Readiness Test (FRT) Completed 
RP-1 Loading 

Countdown Demonstration Test (CDOT) Completed (wet) 
CODT compteted (Ory) 

S¥ Terminal Countdown Started (1-28 Hours) 


Sv Launch 


. “~s 
ul 


j AUYyUs Tt hug tote 
August 13, 1972 
August 23, 172 
Aucust 28, 1972 
October 11, 1972 
Ictober 12, 1972 
October 20, 1972 
November 10, 1972 
ovenber 20, 1972 
ttavember 23. 1972 | 

| Necember §, 1972 

1 December 7, (ee 
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The F-' Encine "lo. 2 Gas Generator (GG) ianiter installed indication was 
lost at T-23 hours. Both GG igniters on Engine No. 2 were replaced and 
the problem was determined to be due to igniter failure. Failure 
analysis revealed an error in manufacture in that solder had been 
omitted from an electrical pin in the igniter, allowing intermittent 
contact. The tack of solder was seen in the X-ray picture which is 

made during receiving inspection. Corrective action taken was to review 
all remaining igniter X-ray pictures to assure no more omissions exist. 


Svece S-II Stage 


The S-II stage and GSz performed satisfactorily during the countcown. 
As a result of the unscheduled hold caused by the Terminal Countdown 
Sequencer (TCS) malfunction, some systems such as the J-2 engine start 
tank system were required to remain active. 


During the first unscheduled hold at 02:52:30 UT (T-30 seconds), S-II 
stage systems were safed and recycled successfully during this 65.2 
minute hold duration. At 03:57:41 UT (T-22 minutes), the countdown 
wag resumed and continued to T-8 minutes when another hold occurred to 
resolve the TCS corrective action. This hold lasted 73.3 minutes and 
contingency hold Option 2 was utilized. S-II systems remaining active 
through this hold were LOX system helium injection, engine actuation 
hydraulic system temperature control, and engine helium and hydrogen 
start tanks pressurized. It was necessary to manually control engine 
helium tank venting as temperature changes di tated. The engine start 
tanks were chilled, pressurized, and then required one rechill cycle 
at 05:12:00 UT for proper temperature conditions. At 05:25:00 UT, 

the countdown resumed at T-8 minutes and proceeded without further 
problems to liftoff. Electrical batteries on the S-II stage were on 
internal power about 20 seconds longer than previous vehicles and were 
slightly more discharged at liftoff as a result of the repeated 
countdown. 


3.2.3 S-IVB Stage 


Overall performance of the S-IVB stage and GSE was satisfactory during 
the countdown operations. 


A hazardous gas detection sensor located at the LH2 tank vent disconnect 
on Swing Arm No. 7, showed an intermittent indication of GH» for approxi- 
mately 1-1/2 hours from T-3 hours 30 minutes. The leak was not larae 
enough to cause a problem and was dispositioned acceptable for launch. 


To keen the enaine ccntrol telium sphere pressure below the redline 
limit of 3400 psia, the sphere was vented six times using the emergency 
vent during the hold period. 


Prior to resuming the countdown at T-8 minutes, the start tank was 
rechilled to bring the temperature below the maximum limit acceptable 

for launch. After rechilling, the start tank emergency vent valve was 
cycled three times to keep the start tank pressure below the maximum limit. 
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A lona term decay was noted on Forward Battery No. 2, oper. circuit 
voltace. The open circuit voltage at the time of installation was 34.74 
vy. The voltage decayed 1.50 ¥ over a 24-hour period. During the hold 
at T-9 hours, a power transfer test was performed to verify battery per- 
formance under loaded conditions. Batterv performance was normal. At 
7.8 hours 53 minutes, Battery Monitor Enable was turned on to provide 

a small load in order to stabilize the battery. The battery voltage 
stabilized at T-4 hours. The voltace decay was attributed to a creater 
than nominal silver-peroxide level in the battery cells. The battery 
met all specifications and criteria. 


3.2.4 IU Staae 
The IU stage performed satisfactorily durina the countdown. 
333 TERMINAL COUNTDOWN 


The AS-512/Apollo 17 Terminal Countdown was picked up at T-38 hours on 
December 5, 1972. Scheduled holds were initiated at T-9 hours for a 


duration of 9 hours, and at T-3 hours 30 minutes for a duration of one hour. 


At T-167 seconds the Terminal Countdown Sequencer (TCS) failed to issue 
the "S-IVB LOX Tank Pressurization” command. When it was visually observed 
tr:t the S-IVB LOX Tank was not beina pressurized, the console operator. 
initiated action to manually control S-IVB LOX Tank Pressurization. The 
tank was pressurizea, but because an interlock relay was not energized 
when the TCS failed to issue the T-167 second command, a countdown hold 
was experienced at T-30 seconds. This hold lasted for 2 hours and 40 
minutes durina which time the TCS failure was confirmed, a "Work-Around” 
was investigated, and the “work-Around" was verified at the MSFC Saturn 

VY System Development Facility (SDF). Also durina this hold the countdown 
was recycled to T-22 minutes. After investiaation of the failure and 
verification of the "Work-Around" it was concluded that the countdown 
could be successfully and safely accomplished by using a jumper to bypass 
the "S-IVB LOX Tank Pressurized" interlock relay and manually pressurizing 
the LOX tank from the LCC. The countdown sequence wis restarted at T-22 
minutes and completed successfully. 


Fiaure 3-1 shows the electrical circuits associated with this anomaly and 
the followina is a description of the functional operation of the circuits. 


The T-167 second command from the TCS (Channel 3) is supplied to the 
Mobile Launcher (ML) Integration Patch Distributor to energize relay 

K3 which supplies a 28V signal to the ML S-IVB Patch distributor. Thi* 
signal is used to initiate 1) S-IVB LOX tank vent closed, 2) S-IVB 

LOX tank pressurization valve open, and 3) energize relay K577 "Time for 
LOX Tank Pressurization.” Without relay K577 energized the “S-IVB 

LOX Tank Pressurized" interlock relay K536 cannot be energized even if 
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relay K492 "LOX Tank “4animum Low Pressure OK" is energized by manually 
pressurizing the LOX tank. When K536 is not energized the "S-IVB 
Ready for Launcn” relay K607 will not provide a signal to the ML S-IC 
Patch Distributor "SJVB Ready for Launch” relay K972 to compiete the 
interlock chain to allow relay K465 “Swing Arm No. 1 Retract Prepara- 
tion Complete” to be energized. If K465 is not energized when the 
~.30 second TCS command (Swing Arm No. 1 Carrier Retract) is received, 
a cutoff command will be initiated and a countdown hold will occur. 


When the above condition occurred, the absence of the TCS T-167 second com- 
mand was confirmed on the Digital Events Evaluator-6 (DEE-6) printout. 
Investigation of the DEE-6 printout disclosed that the T-176 second spare 
output from the TCS also did net occur. After investigation of various 
combinations of lost outputs and associated fixes, it was determined that 
the "LOX Tank Pressurized" relay K536 could be bypassed by moving the "LOX 
Tank Pressurized Bypass" jumper from "INHIBIT" to “ON” position. This 
jumper is located on S-IVB Patch Distributor in the LCC. The failure 

was simulated and the "Work-Around" was verified at the MSFC Saturn V 

SDF and a decision was made to proceed with the launch using the inter- 
lock bypass and manual pressurization. During the successful Taunch 

all TCS outputs were obtained except the T-176 second spare output. 
Therefore, the bypass and manual pressurization procedures were actually 
redundant to the normal circuitry. 


Investigation of this failure at KSC subsequently centered on two diodes 
located in the logic circuitry of the TCS. One of these diodes 
inhibited the T-167 second S-IVB LOX Tank Pressurization command and 

the other inhibited the spare output. The two failures are functionally 
unrelated in the TCS circuitry. Excessive reverse current leakage 
through the partially shorted diodes caused intermittent operation of 
TCS outputs. The two failed diodes had been in service six years. 

Fach TCS contains 1,827 of these diodes with approximately 1500 of 

these capable of causing a launch hold or scrub if they failed between 
CODT and launch. 


Testing of all similar diodes is being conducted where feasible. Of 
2196 diodes tested, 7 additional diodes exhibited reverse current 
leakage in excess of the specification. The diodes that failed along 
with a number of non-failed diodes from the same printed circuit 

boards were subjected to extensive analysis. The following four causes 
of failure have been postulated: 1) inversion layer formation, 2) 
accumulation layer formation, 3) metallic precipitates in the depletion 
layer cr 4) contamination in cracks partially or completely across the 


depletion layer. 


Since deposition of contamination in microscopic cracks (Figure 3-2) 
was consistently observed in the failed diodes, this is considered to 
be the most probable €ajlure mode. However, the investigation as to 
the cause of the cracks and subsequent contamination deposition is 
still underway and cannot be considered conclusive at this time. 
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Figure 3-2. Diode Chip Detai! 
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The "Work-Arcund” with the TCS at KSC that resulted in a satisfactory 
terminal countdown would not be acceptable if a problem occurred with 
the TCS during the Skylab-2, -3, and -4 countdowns due to the short 
launch windows. 


The following activities will be accomplished prior to the Skylab 
launches in order to eliminate the possibility of another failure. 


a. The dicdes will be tested and replaced as required in each of the 
existing TCS’s to assure reliable performance. 


b. Pad 39A and Pad 39B will be modified to provide three TCS‘s tn each 
launch vehicle ESE rather than the present one. 


Cc: Incorporate voting logic so that any two of the three TCS's wil] 
assure that the prorer signals are provided. 


¢d. All unused signals from each TCS will be unpstched and grounded so 
there will be no possibility of them causing problems. 


The above activities will reduce the orobability of a false command 
beino initiated and also assure that no single electrical failure 
will result in loss of the proper terminal countdown command . 


3.4 PROPELLANT LOADING 
3.4.1 RP-1 Loading 


The RP-1 system successfully supported countdown and launch without 
incident. Tail Service Mast ‘TSM) l-2 fill anc rep.enish was accom- 
plished at T-13 huurs and S-IC level adjust and fill line inert 

occurred at about T-60 minutes. Both operations were satisfactory, there 
were no failures or anomalies. Launch countdown support corsumed 213,304 
gallons of RP-1. 


3.4.2 LOX Loading 


The LOX system supported countdown and launch satisfactorily. The 

fill sequence began with S-IVB fill command at 12:34 EST, December 6, 
1972, and was completed 2 hours 4C minutes later with all stage replenish 
normal at 15:15 EST. Replenishment was automatic through the first 
Terminal Countdcwn Sequence but was switched to manual when S-IVB 

flight mass beaan cycling shortly before final countdown. This con- 
dition has been experienced during some previous loading operations 

and is a result of trapped LOX warming in the S-IVB inlet line. The 
LH2/LOX Auto Load allows for manual replenishment when such cycling 
occurs. 


When LOX loading was reinitiated shortly before recycling to T-22 
minutes, LOX system logic did not reestablish replenish operations as 
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expected. Instead, 1 sequenced into 2 dual mode configuring simul- 
taneously for both "vehicle replenishment” and "S-IC chilldown.” In 
this posture, the S-IC slow {11 valve was opened allewing LOX to be 
pumped directly into the stage resulting in a slight overfill. The 
system was manually reverted to prevent further overfill. Subse- 
quent investigation revezled that an s-1C discrete necessary for 
normal replenishment was wissing when loading operations were 

r sumed. 


A real time procedure charae to LOX/LH2 auto load, wes prepared to ini- 
tiate the discrete manually. Peplenishment operations were reinitiated 
and continued normally through launch. This procedure change, which 


requires manual issue of Propellant Tanking Computer System (PTCS) discretes 


a¢ tank Tevel js at or above 98%, will prevent problem recurrence. 
LOX consumption during launch countdown was 618,000 gallons. 
3.4.3 LH, Loading 


Tne LH2 system successfully supported countdown and Jaunch. the fill 
sequence began with start of S-ll loading at 15:27 EST, December 6, 1972, 
and was completed os minutes later when all stage replenish wes 
established at 16:52 EST. Sel] replenish was automatic until terminated 
~at initiation of the Terminal! Countdown Sequencer. Intermittent over 
fill indications were experienced after 5-1VB auto replenish was 

achieved and had to be inhibited to avoid unnecessarily cycling the 
replenish valve. S- IVB replenish was switched to manual at T-1 hour 

and left in that mode through start of Terminal Countdown Sequencer 

at 1-127 seconds. 


Quring recycle operations at T-30 seconds the LH2 system wes reverted 
normally. E411 operations were reestabl ished when count was resumed and 
both stages replenished normally to flight mass. 


Launch countdown support consumed about 520,000 gallons of LH2- 

3.5 GROUND SUPPORT EQUIPMENT 

3.5.1 Ground/Vehicle Interface 

In general, performance of the ground service systems supporting all 
stages of the Taunch yehicle was satisfactory. Overall damage to the 


pad, LUT, and support equipment from blast and flame impingement was 
considered minimal. 


The PTCS adequately supported 311 countdown operations and there was no 
damage or system failures. 


The Environmental Control System (ECS) successfully supported the AS-512 


countdown. All enecificat ions for ECS flow rates, temperatures, and 
pressures were met and flow/pressure criteria were satisfactory during 
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the air to GN, changeover. 


At T-48 hours, ECS chiller No. 7 shut down due <c a low refrigerant 
charge. The redundant chillers were placed in operation and Freon added 
to chiller No. }. No impact resulted. 


At T-2 minutes the S-IC forward lower compartment temperature indication 
became inoperative. Redundant measurement systems were utilized and 
no impect resulted. 


The Holddown Arms and Service Arm Control Switches (SACS) satisfactorily 
supported countdown and launch. All Holddown Arms released pneumatically 
within a six (6) millisecond period. The retraction and explos.ve 

release lanyard pull was accomplished in advance of ordnence actuation 
with a 42 millisecond margin. Pneumatic release valves | and 2 opened 
within 21 milliseconds after SACS armed signal. The SACS primary swit.hes 
closed simu’taneously at 449 milliseconds after commit. SACS secondary 
switches closed 1.154 and 1.163 seconds after commit. 


Overall performance of the Tail Service Masts was satisfactory. Mast 
retraction times were nominal; 2.760 seconds for TSM 1-2, 1.980 seconds 
for TSM 3-2 and 9.685 seconds for TSM 3-4, measured from umbilical 
plate separation to mast retracted. 


The preflight and inflight Service Arms (S/A'S 1 through 8) supported ~~ 
the countdown in a satisfactory manner. Performance was nominal during 
terminal count and liftof*. 


The DEE-3 system adequately supported all countdown operations. A 
discrepant printed circuit board was replaced in the FR 1 subsystem 

and a failed vacuum motor was replaced in the Dad A DEE-30 magnetic 

tape station. The Pad A DEE-3F magnetic tape station became jnomerative 
subsequent to the propel lant loading operations. The remainder of the 
countdown was supported by backup tape and line printer recordings. 
There was no launch damage. 


3.052 MSFC Furnished Ground Support Equipment 
Otter than the TCS anomaly discussed in Section 3.3, the MSFC furnished 


electrical and mechanical greund support equipment successfully sup- 
ported the Apollo 17 launch. 
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SECTION 4 
TRAJECTORY 


4. SUMMARY 


The vehicle was launched on an azimuth 90 decrees e3st of north. A roll 
maneuver was initiated at 13.0 seconds that placed the vehicle on a 
flight azimuth of 91.504 degrees east of north. In accordance with 
preflight targeting objectives, the translunar injection maneuver shortened 
the translunar coast period by 2 hours and 40 minutes to compensate 

for the launch delay so that the lunar landing could be made with the 
same lighting conditions as originally planned. The reconstructed tra- 
jectory was generated by merging the following four trajectory segnents: 
the ascent phase, the parking orbit phase, the injection phase, and 

the early transiunar orbit phase. The analysis for each phase was con- 
ducted separately with appropriate er point constraints to provide 
trajectory continuity. Available C-Band radar and Unified S-Band (USB) 
tracking data p!us telemezered guidance velocity data were used in 

the trajectory reconstruction. 


The trajectory variables from launch to Command and Service Modu le 

(CSM) separation are discussed below and, in general, were close to 
nominal. Because the S-11 Outboard Engine Cutoff velocity was higher 

than nominal, earth parking orbit insertion conditions were achieved 

4.08 seconds earlier than nominal. Translunar Injection (TLI) condi- 
tions were achieved 2.11 seconds later than nostinal with altitude 5.8 
kilometers greater than nogrinal and velocity 5.1 meters per second less 
than nominal. CSM separation was Commander initiated 57.9 seconds earlier 
than nominal resulting in an altitude 306.1 kilometers less than nomi- 

nal and velocity 91.7 meters per second greater than nominal. 


4.2 TRAJECTORY EVALUATION 
4.2.1 Ascent Phase 


The ascent phase spans the interval from guidance refereme release 
through parking orbi* insertion. The ascent trajectory was established 
by using telemetered guidance velocity data as gene-ating parameters to 
fit tracking data from six C-Band stations (Mer, itt Island, Patrick Air 
Force Base, Grand Turk, Bermuda FPQ-6, Bermuda FPS-16M and Antigua) 

and two S-Band stations (Merritt Island and Bermuda). Approxisately 

13 percent of the C-Band tracking data and 42 percent of the S-Band ares 
tracking data were not used because of inconsistencies. These values : 
are consistent with past experience. The launch portion of the 
ascent phase (liftoff to approximately 20 seconds) was established by 
constraining integrated telemetered guidance accelerometer cata to the 
best estimate trajectory. 
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Actual and nomina! altitude, surface range, and crossrange for the 
ascent phase aré® presented in Figure 4-}, Actual and nominal space- 
fixed velocity end flight path angle during ascent ere shown in 

Figure 4-2. Sctual and nominal comparisons of total non-gravitational 
accelerations are shown in Figure 4-3. The maximum acceleration during 


S-1C burn was 3.87 9. 


Mach number and dynamic pressure are shown in Figure S-4, These pard- 
meters were calculated usiNG meteorolcgical data measured to an altitude 
of 28.3 kilometers (31.5 nmi). Above this altitude, the measured data 
were merged into the U.S. Standard Reference Atmosphere. 


Actual and nominal values of parameters at significant trajectory event 
times, cutoff events, and separation events are shown in Tables 4-1, 

4-2, and 4-3, respectively. All trajectory parameters were close to 
nominal throughout ascent. The space-fixed velocity was 25.6 m/s (84.0 
ft/s) higher than predicted at the end of S-I! powered flight. This 
difference 15S somewhat greater than usual and is discussed in Section 6.3. 


8.2.2 Parkina Orbit Phase ~~~ 


Orbital tracking was accomplished by the NASA Manned Space Flight 
Network. Three C-Band stations (Merritt Island, Antigua and Carnarvon) 
provided four data passes. Six S-Band stations (Goldstone, Bermuda, 
Texas, Merritt Island, Hawaii and Ascension) furnished eight additional 
tracking passes. . 


Velocity cata generated by the ST- 124M guidance platform were used to 
derive the orbital non-gravitaticnal acceleration (venting) model. The 
parking orbit trajectory was obtained by integrating a comprehensive 
force model (gravity plus venting) with corrected insertion conditions 
forward to T6 at 10,978.65 seconds (03:02:58.65). The insertion condi- 
tions were obtained by using the force model and a differential cor- 
rection procedure to it the available tracking data. 


A comparison of actual and nominal parking orbit insertion parameters 

is presented in Table 4-4. The groundtrack from insertion to S- 1VB/ 

CSM separation is given in Fioure 4-5. All orbital trajectory variables 
were close to nomina!. 


$.2.3 Injection Phase 


The intection phase spans the interval from T6 to TLI and was established 

in teo parts (76 to 11,500 seconds and 11,500 seconds to TLI). The first 

part was obtained by fitting data available from one C-Band station 

(Carnarvon) and three S-pand stations (Texas. Goldstone, and Merritt 

Island). The second part was obtained by integrating a state vector 

taken from the first part at 11,500 seconds (03:11:40) through second 
burn and constraining the integration tc a final TL! state vector taken is 
from the early translunar orbit trajectory. Telemetered guidance velocity 
data were used as generating parameters for both parts. 
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Figure 4-1. Ascent Trajectory Position Comparison 
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Figure 4-2. Ascent Trajectory Space-Fixed Velocity and Flight 
Path Angle Comparisons 
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Table 4-2. Comparison of Cutoff Events 
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Table 4-3. 
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Table 4-4. Parking Orbit Insertion Conditions 


eres ~ Range Time, sec 712.66 716.74 -4.08 
Altitude, km 170.5 170.3 0.2 

(nm{) (92.1) (92.0) (0.1) 

Space-Fixec Velocity, m/$ /,804.1 7,003.3 -O.2 

7 a ; (ft/s) (25 ,604.0) (25 ,604.7) (-0.7) 
Flight Path Angle, Weg 0.003 -0.001 0.004 

Heading Angie, deg 105.021 305.082 -0.06) 

Inclination, deg 28.526 28.524 0.002 

—- Descending Node, deg 86.978 87.024 0.046 
Eccentcficity 0.0000 0.0001 -0.0001 

Apogee, km 167.2 167.4 -0.2 

Pee in Gathate hes ie (ams) (90.3) (99.4) (-0.1) 
Pertgee, km 166 .6 166.6 0.0 

(nai) (90.0) (90.0) (0.C) 

; | Period, min 87.83 «87.83 | 0,00 
Geodetic Latitude, deg N 26.680 24.642 v.038 
Longitude, deg € -§3.810 -53.633 0.177 
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Comparisons between the actual and nominal space-fixed velocity and 
flight path angle are shown in Figure 4-6. The actual and nominal total 
non-gravitational acceleration comparisons are presented in Ficure 4-7. 


_ The lower than nominal velocity and acceleration shown in Fioures 
4.6 and 4-/7, respectively, are due to the heavier S-IVB stage resultina 


from the 4.08 seconds early first S-IVB cutoff. The actual and nominal 
S-IVB second guidance cutoff conditions are presented in Table 4-2. The 
sliahtly Joncoer than nominal burn compensated for the heavier S-IVB 
stage. and resulted in near nominal conditions at cutoff. 


4.2.4 Early Trans|unar Orbit Phase 


The early translunar orbit trajectory spans the interval from translunar 
injection to $-[VB/CSM separation. Trackino data from one C-Band 


_. station (Carnarvon) and one S-Band station (Ascension) were fitted using 


the procedure outlined in 4.2.2. The actual and nominal transiunar 
injection conditions are compared in Table 4-5. The S-IVB/CSM separation 
conditions are presented in Table 4-3. The large differences at CSM 
separation were due to the earlier than nominal separation time which 


_. Was Commander initiated. 






































41,917.65 11,915.54 







Range Time, sec 










Alettude, &@ 313.5 307.7 
(nwt) (169.3) (166.1) 
Spece-Fixed eeveen ey: u/s 10 ,837.0 10,842.1 

ft/s) - (3$,554.5) (35,571.2) 









7.240 
138.039 
28.423 


7.384 
116.136 
26.474 


Flight Path Angle, 4e9 













Hesving Angie. deg 










Inctination, deg 






















Descending Node, deg 86.061 86.149 
















Eccentricity 0.9720 0.9721 
C, at/s* -1,695 ,985 - 1,689 ,026 
ire2ss2) (-18,255 431) (-18,180,525) 
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SECTION 5 
S-1C PROPULSION 


3.1 SUMMARY 


All S-IC propulsion systems performed satisfactorily. In all cases, the 
propulsion performance was very close to the predicted nominal. Overall 
stage site thrust was 0.30 percent higher than predicted. Total pro- 
pellant consumption rate was 0.16 percent higher than predicted and the 
total consumed mixture ratio was 0.002 percent higher than predicted. 
Specific ‘impulse was 0.14 percent higher than predicted. Total propellant 
consumption from Holddown Arm (HDA) release to Outboard Engines Cutoff 
(OECO) was low by 0.14 percent. 


Center Engine Cutoff (CECO) was initiated by the Instrument Unit (IU) 


at 139.30-seconds, 0.02 seconds earlier than planned. OECO was initiated 


by the fuel depletion sensors at 161.20 seconds, 0.47 seconds earlier than 
predicted. This is well within the +5.99, -4.22 second 3-signa limits. 

At OECO, the LOX residual was 36,479 ibm compared to the predicted 37,235 
lbm and the fuel residuat was 26,305 Jbm compared to the predicted 29,956 
Tbm. 


The S-IC hydraulic system performed satisfactorily. 
S22 S-IC IGNITION TRANSIENT PERFORMANCE 


The fuel pump inlet prestart pressure of 45.3 psia was within the F-1 engine 
acceptable starting region of 43.3 to 110 psia. 


The LOX pump inlet prestart pressure and temperature were 81.3 psia and 
-287.3°F and were within F-1 engine acceptable starting region, as shown 
by Figure 5-1. 


The planned 1-2-2 F-1 Engine start sequence (Engines 5, 3-1, 4-2) was 
not achieved. Two engines are considered to start together if both 
thrust chamber pressures reach 100 psig within 100 milliseconds. By 
this definition, the starting order was 2-1-1-1 (Engines 5-3, 1, 4, 2). 
The buildup times of all five engines as measured from engine control 
valve open signal to 100 psig chamber pressure, Table 5-1, were faster 
than predicted, although within specifications. The 2-]-l-] start 
sequence had no adverse affect on either propulsion system performance 
or on the structure. 
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Figure 5-1. s-1C LOX Start Box Requirements 


Table &-1. F-1 Engine Systems Buildup Times 


BUILDUP TIME, SECONDS 


Predicted® 4.05, 3 365 3.92 
Actual*® 3.862 *, 861 3.605 
bi f ference 0.155 0.104 0.320 
Direction Fast Fast » Fast 


*Time from 4-way control valve open signal to 100 psig 
All times corrected to nominal prestart condi tions 


The desired 1-2-2 start sequenc 
AS-508, and AS-510. The timing 
adjusted to achieve the desired 
individual engine firings and t 
ment obtained from static firin 


e was also not achi 
of the start signa 
start sequence and 

he single data samp 





combustion chasber pressure 


eved on flights AS-5C7, 
1s to each engine is 

is based on data from 
le in the stage environ- 


g. Typically, a wide dispersion of start 
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times is observed at the stage static firing. This dispersior is 


attributed orimarily to the differences between the stage conditions and 


single engine test stand conditions. Adjustments made between stage static 


__ firing and.launch have been effective in reducing the dispersions sub- 


stantially. However, it is apparent from review of data from all the 
Saturn V launches, that the system cannot be fine tuned accurately enough 
to consistently assure the desired start sequence within the 100 ms 
criterion. This fact is probably attributable to a combination of the 


limited data. sample in the stage environment and typical engine start 


time dispersions even under controlled conditions. 


The structural implications of a non-standard engine start sequence 
for the Skylab mission have been examined considering significantly 
larger dispersions than experienced on AS-512 and other Saturn V flights, 


and. there-is -no concern. Accordingly, no modification of the present 


engine start sequence implementation is planned. 


The reconstructed propellant consumption during holddown (from ignition 
command to holddown arm release) was 75,090 lbm LOX (67,031 Ibm predicted) 
and 22,015 Hom fuet-(18,764 Ibm predicted). The greater than predicted 
propellant consumption during holddown was due to the faster engine start 
and longer burn before holddown release. The reconstructed propellant. 

load at holddown arm release waS 34239,298 Ibm LOX (3,243,932 Ibm predicted) 


and 1,409,906 Ibm. fuel (1,415,766 Ibm predicted). 


Thrust buildup rates were as expected, as shown in Figure 5-2. 
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Fiqure 5-2. s-IC Engines Thrust Buildup 
5-3 


The engine Main Oxidizer Valve (MOV), Main Fuel Valve (f'F¥), and Gas 
Generator (GG) ball valve openina times were nominal. 


“5.3.” S-1C MAINSTAGE PERFURMANCE 


S-IC stage propulsion performance was satisfactory. Stage thrust, specific 
impulse, mixture ratio, and propellant flowrate were near nominal pre- 
_dictions as shown_in Figure 5-3. The stage site thrust (averaged f-om time 
zero to OECO) was 0.30 percent higher than predicted. Total prope. lan* 
consumption rate was 0.16 percent higher than predicted and the total con- 
sumed mixture ratio was 0.002 percent higher than precicted. The speci- 
fic impulse was 0.14 percent higher than predicted. Total propellant 
consumption from HDA release to OECO was lev by 6.14 percent. 


For comparison of F-1 engine fright performance with predicted performance 
the flight performance has been analytically reduced to standard condi- 
tions and compared to the predicted performance which is based on ground 
firings and also reduced tc standard conditions. These comparisons are 
shown in Table 5-2 for t»e 35 to 38-second time slice. The targest thrust 
deviation from the predicted value was -7 kibf for engine 2. Engines | 
and 5 had lower thrusts than predicted by 6 and | klbf, respectively. 
Engines 3 and 4 had higher thrust than predicted by 1 and 2 kibf, 
respectively. Total stage thrust was 1] Kibf lower than predicted for an 
average of -2.2 kibf/enaine. These performance values are derived from 

a reconstruction math model that uses a chamber pressure and pump speed 
match. 


An 1] Hz, 8 psi peak amplitude, oscillation was observed in the S-1C 
Engine No. 2 fuel suc.ion line inlet pressure. This oscillation was 

also observed during S-IC-12 static test and dispesed of ct that time 

as no problem. This phenomenon is a self-induced oscillation charac- 
teristic of the F-1 fuel pump and has been observed on previous flights. 
The oscillation is Net Positive Suction Pressure (NPSP) dependent and its 
sensitivity varies from engine to engine. The stage accelerometer data 

are nominal at 11 Hz and comparable to that of previous flights, indicating 
the vehicle structural gain at this frequency is small. 


The ambient gas temperature under Engine No. 1 cocoon increased shortly 
after liftoff and exceeded previous flight data from approximately 30 to 
65 seconds by a maximum of about 13°C. After 100 seconds the tempera- 
ture returned to a normal level and remained similar to the cocoon 
ambient temperature level for the other engines. The increase in the 
ambient gas temperature did not affect engine performance during flight. 
The two most probable causes of the temperature increase are: 1} a 
minor hot gas leakage from the Gas Generator drain port plug which 
subsequently sealed, 2) a temporary loss of cocoon insulation integrity 
(possible loose combustion drain access cover) which later corrected 
itself. Both of these possible causes for the cocoon ambient temperature 
rise are discussed in detail in Section 13.2 Vehicle Thermal Environment. 
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5.4 SeIC ENGINE SHUTICHS TRANSIENT PERFORMAMLE 


*he F-1 engine chrust decay eransient was nominal. Tre cutoff irpulse, 
reasured from. cutoff.signal to zero ehrust, was 669,632 lbf-s fer the 
center engire (0.1 percent less than oredicted) and 2,593,423 ldf-s 
fer all outboard engines (3.0 percent oreater than predicted). The 
total stage cutoff irqulse of 3,2€3,055 Ibf-$ was 2.3 percent sreater 
ehan predicted. 


Center engine cutoff was initiated by the IU at 129.20 seconds, 0.62 

second earlier than glanned. Cutoff signal to the outboard engines 

was initiated by fuel depletion and occurred 0.47 second earlier than 

the nopinal credicted time of 161.67 seconds. The fuel depletion cutoff 

wag caused by the higher than predicted fuel density due to chilldown 

of the fuel during ste 2.hour 40 sinute hold and the slightly higher than 

noniral batch fuel censity for this flight. The early cutoff was cue 

mainly <0 slichtly higher than predicted stage site thrust (0.03 percent zs 
higher) and the accozoanying higher propellant flowrates. 


5.5 SIC STAGE. POCPELLANT. MANAGEMENT 


the S-IC stage does not have an active propellant utilization system. 

Minirue resicuals are obtained by atterpting to load the mixture ratio 

expected to be consumed by the engines plus the predicted unusable 

residuals. &n analysis of the residuals experienced during a flight 

1s a good measure of the performance of the passive propellant utiliza- 
tion system. 


The residual LOX at CECA was 36,479 Ibe compared to the predicted 
value of 37,235 Ibe. -:fe fuel residual at O€CC was 26,305 Ibm compared 
eo the predicted value of 29,956 Item. A summary of the propel lants 
remaining at sajor evert times is presented in Table 5-3. 


5.6 S-1C PRESSURIZAT ION SYSTEMS 


\P 


5.6.1 S-1C Fuel Pressurization System 

"he fuel tank pressurization svstem performed satisfactorily, keeping coe 
ullage pressure within acceptable lisits during flight. Helfus Flow 
Control Valves (HFCZ) No. | through 4 opened 3s alanned and HECY fo. % 
was mot required. 


The los flow orepressurization system was comanded on at -97.0 seconds. 
The los flow system was cycled on a second time at -3.1 seconds. High 
flows oressurizatiog. accomplished by the onboard pressurization systen, 7 
performed as expected. HFCY Ko. 1 was commanded on at -2.] seconds and ce 
was supplemented by the ground high flow orepresserization syste until _ 
ywabilical disconnect. 


yt et ene PEP AN FR lb oe ES ee ee ee 


Fuel tank ullage pressure wes within the predicted limits throughout 


‘Table 5-3. .S-IC Propellant Mass History 


RECORSTPUCTED, LBP 
(SEST CST IMATE) 


Je 1,433,921 | 3,314,388 1,438,921 







3,310,963 
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teleese 3,283.932 1,415 766 3,243 .$53 1,410,338 3,239.29 1, 609.908 
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flight as sham by Figure 5-4, HFCY Ko.’s 2, 3 and 4 were commanded open 
during flight by the switch selector within acceptable linits. Hel fum 
bottie pressure was 3000 psia at - 8 seconds and decayed to 475 psia 

at O€CO. Total helium flawate was 45 expected. 


Fuel pump inlet pressure was saintained above the required minisum Net 
Sositive Sxtian Pressure (07 5P) curing flight. 


§.6.2 S-1C LOX Pressurization System 


The LOX pressurization system performed satisfactorily and 211 perfor- 
mance requiresents were met. The ground prepressur ization system main- 
tained ullage pressure withia acceptable liafts until launch comsit. 

The onboard pressurization system perforued satisfactorily during flight. 


The prepressurization system ws {aitieted at -72.0 seconds. Ullage 
pressure increased to the prepressurization switch baad and flow was 
terminated at -58.3 seconds. The low flos system wes cycled on three 
additional times at -42.9, 24.8, and -5.4 seconds. At -4.7 seconds, 
the nigh flow ble was commanded on and saintained wlilage pressure 
within acceptable lieits until lauach comit. 
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Figure 5-4. S-IC fuel Tank Ullage Pressure 


oressure was within the predicted limits throughout flight as 
n Figure 5-5. GOX flowrate to the tank was as ex 


pected. The 
maximum GOX flowrate after the initial transient was 48.3 Ibm/s at CECO. 


The LOX pump inlet pressure set the minima NPSP requirerent throughout 


flight. 
5.7 


The con 
SIC fi 


Sohere 


S-1C PREUMATIC CONTROL PRESSURE SYSTEM 


trol pressure system functioned satisfactorily throughout the 
ight. 


pressure was 29/0 psia at liftoff and resained steady until cECcO 


when it decreased to 2850 psia. The decrease wes due to center engine 
orevalve actuation. There wes a further decrease to 2475 psia after 


O€CO. Pressure requiator performance was within limits. 

The engine crevalves were closed after CECO and OECO as required. 

5.8 ©-1C PURGE SYSTEPS | 

Performance of the ource systems was satisfactory during flight. | ‘ 
| 
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Figure 5-5. S-°C LOX Tank Ullage Pressure 


The turtopump LOX seal storage sphere pressure of 2955 psia at liftoff 
wag within the prestart limits of 2700 to 3300 psia. Pressure was 
within the predicted envelope throughout flight and was 2805 psia at 
OECO. 


The pressure regulator per formance throughout the flight was withis. the 
85 +10 psig limits. 


5.9 S-IC POGO SUPPRESSION SYSTEM 
The POGO suppression system performed satisfactorily during S-IC flicht. 


Outboard LOX prevalve temperature measurements indicated that the pre- 
valve cavities were filled with gas prior to liftoff as planned. The 
four resistance thermometers behaved during the AS-512 flight similarly 
to the flight of AS-511. The temperature measurements in the outboard 
LOX prevalve cavities remained varm (off scale high) throughout flight, 
indicating helium remained in the prevalves as planned. The two 
thermometers in the center engine prevalve were cold, indicating LOX in 
this vaive as plannec. The pressure and flowrate in the system were 
nominal. 
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5.10 S-IC HYDRAULIC SYSTEM 


The performance of the S-IC hydraulic system was satisfactory. Ail 


* 


servo-actuator supply pressures were within required limits. 


Engine control system return pressures were within predicted limits 
and the engine hydraulic control system valves operated as planned. 
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SECTION 6- 


S-11-PROPULSIGN - 


6.1] SUMMARY 


The S-II propulsion systens performed satisfactorily throughout the 
flight. The S-1I Engine Start Command (ESC), as sensed at the engines, 
occurred at 163.6 seconds. Center Enqine Cutoff (CECO) was initiated by 
the Instrument Unit (Iu) at 461.21 seconds, 0.47 seconds earlier than 
planned. Qutboard Engine Cutoff (OECO), initiated by LOX depletion 
sensors, occurred at 559.66 seconds giving an outboard engine operating 
time of 396.1 seconds. = eee ee 


Engine mainstage performance was satisfactory throughout flight. The total 
stage thrust at the standard time slice (61 seconds after S-II £5C) was 
0.14 percent below predicted. Total propeilant flowrate, including pres- 
surization flow, was 0.19 percent below-predicted, and the stage specific 
impulse was 0.05 percent above predicted at the standard time slice. 

Stage propellant mixture ratio was 0.36 percent below predicted. Engine 
thrust buildup and cutoff transients were within the predicted envelopes.- 


The propel lant management system performance was satisfactory throughout 
loading and flight, and all parameters were within expected limits except 
the LOX fine mass indication. Propellant residuals at OECO were 1401 bm 
LOX, as predicted and 2752 Ibm LH2, 107 Ibm less than predicted. Control 
of Enaine Mixture Ratio (EMR) was accomplished with the t -position pneu- 
matically operated Mixture Ratio Control} Valves (MRCV). Relative to ESC, 
the low EMR step occurred 1.6 seconds earlier than predict<4. 


The performance of the LOX and LH2 tank pressurization system was satis- 
factory. Ullage pressure in both tanks was adeauate to meet or exceed 
engine intet Net Positive Suction Pressure (NPSP) minimum reaui rements 
throughout mainstage. 


Performance of the center engine LOX feedline accunulator system for P0GO 
suppression was satisfactory. The accumulator bleed and fill subsystems 
operations were within predictions. 


The engine servicing, recirculation, helium injection, and valve actuation 
sys tems performed satisfactorily. 


S-I1 hydraulic system performance was normal throughout the flight. 
6.2 S-11 CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE 


The engine servicing operations required to condition the engines prior 
to S-II engine start were satisfactorily accomplished. Thrust chamber 


6-1 


jacket temperatures were within predicted limits at both prelaunch and 
S-II ESC. Thrust chamber chilldown requirements are -200°F maximum at 
prelaunch commit and -150°F maxir-m at engine start. Thrust chamber 
temperatures ranged between 226 and. «258°F at prelaunch commit and 
between -238 and -207°F at S-II ESC. Thrust chamber warmup rates 
ee S-I1C boost aareed closely with those experienced on previous 
flights. 


Start tank system performance was-satisfactory.. Both temperature and 
pressure conditions of the engine start tanks were within the required 
prelaunch and engine start boxes as shown in Figure 6-1. Start tank 
temperature and pressure increase rates were normal during prelaunch and 
S-IC boost. 


Start tank relief valve operation was noted.on Engine No. 3. This 
characteristic had been predicted based upon results of the AS-512 Count- 
down Demonstration Test (CDDT) start tank relief valve setting test. 


All engine helium tank pressures were within the prelaunch limits of 
2200 to 3350 psia and engine start limits af 2800 to 3500 psia. Engine 
helium tank pressures ranged between 2940 and 3060 psia at prelaunch 
commit and between 3030 and 3160 psia at S-II ESC. 


Enaine helium tank pressures during start and initial mainstage operation 
were within the predicted limits as shown in Figure 6-2. The helium tank 
pressures decayed 350 to 370 psi during the engine start transient. 


During the countdown hold initiated at -30 seconds, the hold options were 
exercised. The launch vehicle was maintained in the Hold Option 2 condi- 
tion for approximately 73 minutes. This reauired control of the J-2 
engine start tank and helium tank pressures to assure that they would remain 
within redline limits during the hold. Engine helium tank pressure was 
maintained by manual venting using the emergency vent solenoids. Start 
tank pressures were similarly controlled by use of the emergency vent 
solenoids until the start tank relief valves functioned to automatically 
maintain the tank pressures. A special test was run during the CDOT 

to determine the individual characteristic of each start tank relief 
valve and to show that it was comparable with existing stage redlines. 
Figure 6-3 shows the start tank pressures and temperatures during the 
option 2 hold. Figure 6-4 illustrates the repeatibility of the start tank 
relief valves operation as evidenced during an Option 2 Hold. 


During the hold period the prechilled start tanks warmed up at a rate of 
approximately 1.7°F/min. Fifty eight minutes after initiating the hold, 
engine 3 start tank had warmed up to the maximum temperature (-146°F) 
allowed by the redline requirements. At this point it was necessary 

to subject all five start tanks to a short rechill cycle in order to keep 
the respective temperatures within redline limits. Figure 6-5 shows the 
start tank and helium tank conditions during the rechill cycle. After 
the rechill and pressurizing, the start tank and helium tank pressures 
were controlled during the remainder of the hold and countdown using the 
emergency vent solenoids. 
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Figure 6-3. S-I1 Typical Start Tank Conditions During Hold Operations 
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Fioure 6-4. Comparison of S-II Start Tank Conditions During CDOT & Launch | 


This is the first time the S-II stage has been required to rechill its 
engine start tanks during an actual launch situation. Personnel, proce- 
dures, and hardware all performed as expected and all results were com- 
pletely satisfactory. 


The LOX and LK recirculation systems, used to chill the feed ducts, turbo- 
pumps, and other engine components performed satisfactorily during prelaunch 
and S-IC boost. Engine pump inlet temperatures and pressures at S-II 

ESC were well within the requirements as shown in Figure 6-6. The LOX pump 
inlet pressure for all five engines was approximately 0.5 psi above the 
predicted envelope because the LOX tank experienced an approximate | psi 
increase in ullace pressure between S-IC OECU and S-IJ ESC. This pressure 
increase is attributed to the small ullage volume, coupled with che springback 
of the aft bulkhead at S-IC GECO, thus compressing the pressurant in the 
ullage. The LOX pump discharge temperatures at S-II ESC were approximately 
14.0°F suktccoled, wel” *elow the 3°F subcooling reauirerent. 


Again, as ~” S-511 the deletion of the S-II ullage motors did 


not adv recirculation system. The characteristic tem- 
perat” pump discharge temperature between S-IC OECO 
and imately 1.5°F, similar to that experienced on 

ne ytors installed. 


_un of the propellant tanks was accomplished satisfactorily. 
_- pressures at S-II ESC were 41.5 psia for LOX and 29.1 psia 
audy well above the minimum requirement of 33.0 and 27.0 psia, 


_espectively. 
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Se1] ESC was received at 163.6 seconds and the Start Tank Jischarce Valve 
(STDV) solenoid activation sianal occurred 1.0 second later. The engine 
thrust tuildun was satisfactory arc well within the precicted thrust 
buildup envelope. All engines reacred 90 percent thrust within 3.3 


seconds after S-I! ESC. 
6.3 S-I] MAINSTAGE PESFORMARCE oot tee oe 


The propulsion reconstruction analysis showed that stace performance 

durina mainstace operation was satisfactory. A comparison of predicted 

ard recenstructed thrust, srecific impulse, totai flowrate, and rixture 
ratio versus time is shcwn tn Fisure G&-7. ‘Stace perforvance was: very close 
to predicted. At ESC +61 seconds, total stage thrust was 1,156,694 lbf 
which was 1585 Ibf (0.14 percent) below the preflicht prediction. Total 
propellant flowrate includina pressurization flow, was 2743.4 item/s, 0.19 
percent telcw nmredicted. Stace specific izpuise, including the effect 

of pressurization aas flowrate, was 421.6 Ibf-s/lbe, 0.05 percent above 
predicted. The stace propellant mixture ratio was 0.26 percent below 


predicted. 


Center Encine Cutoff was initiated at ESC +297.62 seconds, 0.47 seconis 
earlier than planned. This action reduced total stace thrust by 224,121 
Ibf to a level of 920,746 Ibf. The Eyn shift from hich to -low -eccurred 
325.6 seconds after ESC and the reduction in staoe thrust occurred 3s 
expected. At ESC +351 seconds, the total stace thrust was 787,009 Ibf; 
thus, a decrease in thrust of 133,737 Ibf was indicated between high 
and low EPR operation. S-IT burn duration was 396.1 seconcs. 


Individual J-2 engine data are presented in Table 6-3 for the ESC +6] 
second tise slice. Good correlation exists betreen predicted and recon- 
structed flight performance. The performance levels sham in Table 6-1 
have not heen adjusted to standard J-2 altitude conditions and do not 


include the effects of pressurization flow. 


Although the oropulsion reconstruction was very close to the predicted, 
the trajectory reconstruction, Section 4.2.1, indicated that the SII 
stage produced approximately 23 2/s sore velocity than predicted. While 
this difference is within the normal range of trajectory dispersion, the 
unexpectedly poor correlation of the trajectory with the engine predicted 


From a review of the propulsion and trajectory as well as the history of 
stage and engine manufacturing and testing, it has been determined that 
the combined contribution of initial conditions, a8Sses, base pressure 
thrust. insulation erosion, propellant loading, propel lant residuals. 
and reconstructed engine performance accounts for aporoxisstely 9 9/s 
of the additional velocity. leaving 15 a/s still to be explained. 
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“ost roteworztry is the fact that the S-engine averace Soecific imoulse > 
(Igp) om S-1I-12 15 the lowest of any S-II stage. and while there 15% 0 ee 
evidence that the engine log book Ip values are imcrover, the oredicted a 
stage cerforrance would have heen very close to that. indicated Sy the | “2. 
trajectory reconstruction if the average I<n for the engines in 2nis pro- _ 
gucticn dloct (Engines S/8 cCEG throwat 2128) had heen assumed. this would 
igyly that the enaine {s aporoximately as repeatable as its assoctated 


instrumentation. 


The differerces involved are quite small. The difference Setseen ife 

block averace Isp ard the S-II-12 everage loq took values (tacs) fs within 
the instrmentazion sofse level. The actual eng ine-to-eng ire repeatability 
is ver, siatiar to the instrumentation run-to-run repeatatt lity. Therefore. =~ 
1% {$ reasonadle to hypothesize that the Icwer than averace engine cerformance 

indicated by the log took Isp values tay not have been rea’. and that, actual — 

engine perforzance fay have been close to the bicck average. while the 
reconstruction would detect a flowate contribution to an error in tag Ten - 
12 would not correct a thrust measurement error. if this latter situation 
were the case, a significant difference betscen predicted and reconstructed 
rropulsion values would not be expected because the nozzle efficiency | ~ 
coefficient used in both the propulsion reconstruction and the prediction =") 
are derived from the sare cround test data. Y Soc 


fo chance to the propulsion technique fer SA-513 {5 required because the od. 
actual velocity increment from the $-11-13, which {s procrasmmed for an 
enercy cutoff, is rot affected and because the payload effect {s rrinfeal 

and the Skylab #ission is not payload critical. Also tne difference between 
ce tags and the block average {s only about half as large as that for 


Two LOL system neasurerents, engine No. 4 pump inlet temperature and va 
engine Yo. & pump discharge pressure, exhibited unusual characteristics 
during the later part of high OR operation. Since Soth measurements a 
were within the same ergine, 2 detailed examination was conducted to 

Getermita: if this resrecented 3m engine performance chance, Tne examina- 

tion concluded that ao engire perfcrmance Change was indicated by tre 

flignt data. For further discussion of these measurements refer to Table 


15-3. - 
6.4 S-1] SHUTDOWN TRAMSIENT PERFORMANCE _ 


S11] O€CO was initiated by the stage LOX depietion cutoff system as ae 
planned. 


Tre LOX depletion cutoff system again included a 1.5 second delay tiser. 
As in previous flights (AS-504 and subsequent), this resulted in engine 


6-10 © 





oe no we pe a erm | lee ye ay ET eva Sats? pe fe a ee 


Table 6-1. S-J1 Engine Perfornance 
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thrust decay (observed as 2 crop in thrust chamber pressure) prior to 
receipt of the cutoff signal. 


The outboard engine thrust decay performance was within the predicted 
band. First indications of thrust decay were noted 0.75 second orior 
to cutoff signal on engine 1. ‘n order of engine position, thrust decay 
began at 0.75, 0.50, 0.55, and 0.30 seconds prior to cutoff signal and 
corresponding chamber pressure decays were 180, 180, 130 and 120 psf. 


At S-II O€CO total thrust was down to 612.126 1bf. Stage thrust dropped 
to five percent of this level within 0.4 second. The stage cutoff 
impulse through the five percent thrust level is estimated to be 121,100 


lpfe-s. 
6.5 S11 STAGE PROPELLANT MARAGEPENT SYSTEM 


Ground loading and flight performance of the S-II stage propellant maaege- 
seat system were nominal and all parameters vere within sormal raages. 
The only exception was the LOX fine ass seasurenent that exhibited a 
signal level reduction of one to tuo volts between -2.5 seconds and 15 
seconds and then returned to sorss] for the remainder of the flight. This 
condition has not been observed during previous flights. A review of the 


the | 
time period eliminating the possibility of 2 telemetry probles. After a 
data review, this signal characteristic could aot be explained by 
known tank conditions. Laboratory staulations with either serfes of paraliel 
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resiszarce im we leacwire system between Te capacitarce crcze 2rd .re 
ou computer nave cuplicated this protien. 


“9 sreciuce nossizie cecclens on future fLignts, an iespecticn of tre 
leadwire system integr® cy will te conducted for Colfe13 and sutsecuer’ 
serscles. This reasurerent 1S ren-critical in flignt and -sanual-coint - 
serscr [ach orcpellart loading ccyld be used for grourd Icadirg srould ths 
srotblew recur. 


“ne Propellant Tanking Corputer Sys tex {PTCS) and the stage sropeliant 
rar.agerent syste orooerly rentrolled S-f1 loading and repientsrrent. 
41) Sell stage LOCK anc L*2 liquid level point sensors ara capac: terce 
srooes ocerated without any Prob iers during the propel fant: loading. 
ow LOY ard LH2 overfiil point sensor percent wet indicatiens were all 
eienin wre loeding reciine at tre 127 second comiit point. 


Cgere 1 CCO control of £¥R curing flight was successfully accomolisnec -nrough. — 

se cf tre engine G10 90s it 10N oneumatically operated Mixture Patio Control 

Yalves (wWRC%). At SC, nelium pressure drove the valves to the engine 

start position corresporaing to the 4.8 EMR. The hign EFR (5.5) cosmand 

was received at ESC 25.5 seconds as expected, providing 2 nominal high 

twr of 5.5 for tre f4es% omase of te Programmed “Mixture Ratio (PMR).. —- - -+-- 


“he los £¥R 31ed occurred at £SC 6225.6 seconds, wnicn {sg 3.6 seconds 

earlier thar predicted. This tise difference is most likely caused by 

‘ 1U comcutational cycle errors OF the Saturn yenicle reaching the preset 

| step comand yelocity at an earlier tine than pianned. The average 

at the low step was 4.78 as comeared to é predicted 4.20. This lower 
than planned DR is well within the tro signa +0.06 sixture ratio 
toierarce. 


Outpoard Engine Cutoff (O€CO) was initiated by the LOX cepletion £CO 
sensors at ESC +396.07 seconds which ts 0.02 seconds later than planned. 
Liquid level pomnt sensod cata were fot Availavie wo verify inet wvk - 
pletion occurred dut engine parameters such as thrust cnamber cressure, 
Sniet temperatures. DUD $s flows all exhibited 
characteristics siailar to LOX depletion cutoff on previous flights. 


Since liquid level data were not available, propel lant residual mass 

{in tanks determination was done by other seans. Based on predicted LOX 
CECO maSS. oredicted LH2 full load mass and flowmeter dat3. propel lar.t 
residual sass in tanks at OECO were 1401 Ibm LOX and 2752 itm Lig versus 
1401 ite LOX and 2858 Ibe Liz predictes. The open loop PU error at OECO 
was -107 bm Lig which is well within the estimated three signa dispersion 
of +2500 Ibe Liz. 


Table 6-2 presents @ comparison of propellant masse; as measured by the 

: oy probes and engine flormeters. The full load 2355 could not de 

: derived using point sensors (data not avat lable) as a reference. The 
oredicted value for is used as the best estimate. «he LOX 
full load @ass 485 derived from the engine flameter integraticn and 
O£CO res‘ dual values. 
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Table 6-2. AS-512 Flisct S11 Propellant “2ss History 
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2 Percent Point Sensor 
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S11 Residual After 
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Hote: Table {1s tesed om mass iA tanks and susp only. Propel lant 
tracped external to tanks and LOX sumo {is not incivded. PU 
data are not corrected for tank/probe sismatch. 










eePgint sensor discrete data not available cve to Bermuda Ground Station 
prot les. 





6.6 S11 PRESSURIZATION SYSTEM 
6.6.1 S-I1 Fuel Pressurization System 


Lio tank ullage pressure, actual and predicted, is presented in Figure 
6-8 for autosequence, S-IC boost, and S-I1 boost. The LH2 vent valves 
were closed at -94,08 seconds and the ullage voluxe pressurized to 35.8 
gsia in 17.5 seconds. One make-up cycle was required at approximately 
-43 seconds and the ullage pressure was increased from 34.8 psia to 
35.8 psia. Ullage pressure at -19 seconds (launch commit) was 35.4 psia 
mich is within the redline limits of 33.0 to 22.0 psia. Ullege pres- 

sure decayed to 35.1 psia at S-IC ESC at which time the pressure decay 

rate increased .or about 20 seconds. (The increased decay rate was 
attributed to an increase in cooling due to Liz surface agitation caused 

by S-IC engine firing.) This decay {s normal and seen on previous launches. 


epee enn 


During S-IC boost. the differential pressure across the vent valve, was 
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Figure 6-8. S-Il Fuel Tank Ullage Pressure 


within the allowable low-mode band of 27.5 to 29.5 psi. The LH> vent valve 
No. 2 cycled open at 140.3 seconds awd closed at 141.1 seconds. Ullage pres- 
sure at S-II engine start was 29.1 psia exceeding the sininum engine start 
requirement of 27 psia. The Liz vent valves were switched to the high 

vent mode (30.5 to 33.0 psia) prior to S-II engine start. 


During S-IIf boost, the GH2 for pressurizing the LH2 tank was control led 
by a flos control orifice in the LH2 tank pressurization line with 
maxiaum tank pressure controlled by the Liz vent valves. Except for the 
norsal law pressure spike during start transient, the ullage pressure 
throughout the S-1! boost perioa was controlied by the Lig vent vaives 
within the 30.5 to 33 psia allowable band. Liz vent valve | opened at 
171.9 seconds and remained open until 174.2 seconds. Vent Valve No. 2 
cracked open five (5) times during the first 156 seconds of S-II boost. 
Yent valve discrete measurements are not available beyond 310.9 seconds 
due to data acquisition problems. The LH2 ullage pressure was @ max ious 
of 0.3 9si higher than «he predicted pressure. 


Figure 6-9 shows LHo puro total inlet pressure, temperature, and Net 
Positive Suction Pressure (nPSP) for the J-2 engines. The parameters 
were in close agreement with the predicted values throughout the S-I1 
flight period. NPSP remained above the sinimus requirement throughout 


the S-II burn phase. 
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Figure 6-9. S-II Fuel Pump Inlet Conditions 
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6.6.2 S- II LOX Pressurization System 


LOX tank ullage pressure, actual and predicted, is presented in Figure 
6-10 for autosequence, S-IC boost, and S-If burn. After a 107 second 
cold helium chilldown flow through the LOX tank, the chi. ldown flow was 
terminated at -200 seconds. The vent valves were closed at -184 seconds 


and the LOX tank was pressurized to the pressure switch setting of 38.5 


osia in 31 .0 secords. No pressure make-up cycles were required. The 

LOX tank ullage pressure increased to 40.0 psia because of common bulk- 
nead flexure during LHo tank prepressurizaticn. Ullage pressure at -19 
seconds (launch commit) was 4G.2 psia which is within the redline limits 


of 26 to 43 gsia. «he LOX vent valves performed satisfactorily during aly 


orelaunch operations. 
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Figure 6-10. S-II LOX Tank Ullage Pressure 
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The LOX vent valves remained closed during the S-IC boost mode and the 

LOX tank ullage pressure prior to S-II engine start was 41.5 psia. 

During the S-II boost mode, the LOX tank pressure varied from a maximun 

of 42.0 psia at 182.0 seconds to a minimum of 39.0 psta at S-II OE€CC. 
Similarly to AS-510 and AS-511 the GOX for pressurizing the LOX tank 

was controlled by a flow control orifice in the LOX tank pressurization ---- ~~ 
line with the LOX tank vent valves controlling excessive pressure buildup 
within a pressure range setting of 39.% to 42.0 psia. The LOX vent 

valve No. 2 first opened at 164.8 secords and reseated at 165.5 seccnus. 

LOX vent valve No. 2 opened and reseated a total of five (5S) times 

between 164.8 seconds and 188.1 seconds. The LOX vent vaive Ncw. 10 > 
cracked open 18 times between 166.0 seconds and 310.9 seconds. Yent 

valve position discrete indications are not available Deyond 319.9 

seconds due to data acquisition problems. 


The LOX tank ullage pressure was controlled within ore psi of the pres- 

sure predicted for S-II boost as shown in Figure 6-10. Compar‘sons of 
the LOX pump total inlet pressure, temperature and NPSP are presented 

in Figure 6-11. Throughout S-II boost, the LOX pump PSP was well above 
the minimum requirement. 


This was the second flight using the LOX tank pressure switch purge. a 


The purge system was incorforated to preclude a potential LOX/GOX incom 
patibility situation within the LOX pressure switch assembly. The purge 
is connected to the heiium injection and accumulator fill helium supply 
system. No-instrumentation is available to evaluate the purge system. 
However, since both the helfum injection and accumulator fill systems 


j operated successfully, it is concluded that the purge system also func- 
tioned properly. 

{ 

6.7 S-1] PNEUMATIC CONTROL PRESSURE SYSTEM 


The pneumatic control system functioned satisfactorily throughout the 
S-1C and S-!1 boost periods. Bottle pressure was 2990 psia at - 
seconds and with normal valve activities during S-II burn, pressure 
decayed to approximately 2590 psia after S-II ECO. 


arp teats tr, Atta, = ty 


Regulator outlet pressure during flight remained at a constant 715 psia, 
except for the expected momentary pressure drops when the recirculation 
or prevalves were actuated closed just after engine start, at CECO, 

and at OECO. 


6.8 S-II HELIUM INJECTION SYSTEM 


The performance of the helium injection system was satisfactory. The 
supply bottle was pressurized to 2976 psia prior to liftoff and by S-II 
ESC the pressure was 1663 psia. Helium injection average total flowrate 
during supply bottte blowdown (-30 to 161.4 seconds) was 74 SCFM. During 
the prelaunch countdown, the helium injection bottle decay test was 
repeated to assure no adverse trends existed. The initial and final 
decay tests were within predicted Vimits. 
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Figure 6-11. S-II LOX Pump Inlet Conditions 
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6.9 PGGO SUPPRESSION SYSTEM 


A center engine LOX feedline accumulator is installed on the S-II stage 
as a POGO suppression device. Analysis indicates that there was no S-Il 
POGO. 


The accumulator system consists of 1) a bleed system to maintain sub- 
cooled LOX in the accumulator during S-IC boost and S-II engine start, 
and 2) a fill system to fii] the accumulator with helium subsequent to 


engine start and maintain a heli:m filled accumulator through S-II CECG.  __..... 


The accumulator bleed subsystem performance was satisfactory. Figure 
6-12 shows the required accumulator temperature at engine start, the 
predicted temperatures during pretaunch and S-IC boost, and the actual 
temperatures experienced during AS-512 flight. The maximum al lowab te 
Sa ae of -281.5°F at engine start was adequately met (-293.8°F 
actual). 


Accumulator fill was initiated 4.1 seconds after engine start. Figure 
6-13 shows the accumulator LOX level versus time during accumulator 
fill. The fill time was 6.6 seconds, within the required 5 to 7 seconds. 
The helium fill flo. rate, during the fill transient, was 0.0055 Iba/s 
and the accumulator pressure was 45.72 psia. 

After the accumulator was filed with helium, it remained in that state 
until S-1I CECO when the helium flow was terminated by closing the two 
fill solenoid valves. 


The accumulator bottom temperature measurement {indicated there was 
liquid propellant splashing on the bottom temperature probe shortly 
after the accumulator was filled with helium gas. This type of phenomena 
wzs observed during the ground static firing test of the S-II-14 vehicle 


This splashing {s not considered to be a problem. Figure 6-14 shows the 
helium injection and accumulator fill supply pressure during accumulator 
fi1l operation. As can be seen, the supply bottle pressure was within 
the predicted band, indicating that tne helium usage rates were as 
predicted. 


6.10 S-11 HYDRAULIC SYSTEM 


S-11 hydraulic system cerformance was nominal with all pressures, 
temperatures, and volumes within nominal predicted limits throughout 
countdown and flight. Actuator positions follosed actuator Comsancs with 
good accuracy and showed noreal transient responses. The maxiaum engine 
deflection was approximately 1.3 degrees in pitch on engines 3 and 4 in 


mately 6800 Ibf for the pitch actuator of engine 1. This load also 
occurred shortly after engine start. 
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Figure 6-13. S-II Center Engine LOX 
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SECTION 7 
S-IVB PROPULSION 


Vel SUMMARY 


The S-IVB propulsion system performed satisfactorily throughout the opera: 
tional phase of first and second burns and had normal start and cutoff 
transients. “ae 


S-IVB first burn time was 138.8 seconds, 3.7 seconds shorter than pre- 
dicied for the actual flight azimuth of 91.5 degrees. This difrerence is 
composed of -4.1 seconds due to the higher than expected S-I1/S-IVB 
separation velocity and +0.4 second due to lower than predicted S-IVB 
performance. The engine performance during first burn, as determined 
from standard altitude reconstruction analysis, deviated from the pre- 
dicted Start Tank Discharge Valve (STDV) open +135-second time slice by 
-0.68 percent for thrust and -0.14 percent for specific impulse. The 
S-1VB stage first burn Engine Cutoff (ECO) was initiated by the Launch 
Vehicle Digital Computer (LVDC) at 702.65 seconds. 


The Continuous Vent System (CVS) adequately regulated LH2 tank ullage 
eressure at an average level of 19.1 psia during orbit ard the Oxygen/ 
Hydrogen (02/H2) burner satisfactorily achieved LH2 and LOX tank repres- 
surization for restart. Engine restart conditions were within specified 
limits. 


S-IVB seccnd burn time was 351.0 seconds, 4.0 seconds longer than predicted 
for the 91.5 degree flight azimuth. This difference is primarily due to 
the lower S-IVB verformance and heavier vehicle mass during second burn. 
The engine verformance during second burn, as determined from the standard 
altitude reconstruction analysis, deviated from the STDV open +172-second 
cime slice by -0.77 percent for thrust and -0.1€ percent for specific 
impulse. Second burn ECO was initiated by the LVDC at 11,907.64 seconds, 
(08:51:27.64). 


Subsequent to second burn, the stage propel Jant tanks and helium spheres 
were safed satisfactorily. Sufficient impulse was derived from LOX 
dump, LH2 CVS operation and auxiliary propulsion system (APS) ullage 
burn to achieve a successful lunar impact. Two subsequent olanned APS 


burns were used to improve lunar impact targeting. 


The APS operation was nominal throughout the flight. No helium or pro- 
pellant leaks were observed and the regulators functioned nominally. 


The hydraulic system performance was nominal throughout flight. 
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7.2 S-1VB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST 
BURN 


The thrust chamber temperature at launch was -177°F, which was below the 
maximum allowable redline limit of -130°F. At S-IVB first burn Engine 
Start Conmand (ESC), the temperature was -136°F, which was within the 
reauirements of -189.6 +110°F. 


The chilldewn and loading of the engine GH2 start tank and pneumatic ccn- 
trol bottle prior to liftoff was satisfactory. 


The engine control sphere pressure and temperature at liftoff were 3070 
psia and -155.7°F. At first burn ESC the start tank conditions .ere 

1310 psia and -157.7°F, within the required region of 1325 +75 psia and 
-170 +30°F for start. The discharge was completed and the refill initiated 
at first burn ESC +3.8 seconds. The refill vas satisfactory with 1173 psia 
and -223°F at cutoff. 


The propellant recirculation systems operation, which was continuous 
from before liftoff until just prior to first ESC, was satisfactory. 
Start and run box requirements for both fuel and LOX were met, as shown 
in Figure 7-1. At first ESC the LOX pump inlet temperature was -295°F 
and the LH pump inlet temperature was -421.5°F. 


First burn fuel lead followed the expected pattern and resulted in 
satisfactory conditions as indicated by the fuel injector temperature. 


The first burn start transient was satisfactory, and the thrust buildup 

wag within the limits set by the engine manufacturer. Thrust data during 
the start transient is presented in Figure 7-2. This buildup was similar 

to the thrust buildups observed on previous flights. The Mixture Ratio 
Control Valve (MRCV) was in the closed position (5.0 EMR) prior to first 
start, and performance indicates it remained closed during the first burn. 
The total impulse from STDV open to STDV open +2.5 seconds was 187 ,271 lbf-s. 


Ted S-1VB MAINSTAGE PERFORMANCE FOR FIRST BURN 


The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted 
anc actual performance of thrust, specific impulse, total flowrate, and 
Engine Mixture Ratio (EMR) versus time is shown in Figure 7-3. Table 
7-1 shows the thrust, specific impulse, flowrates, and EMR deviations 
from the predicted at the STDV open +135-second time slice at standard 
altitude conditions. 


Thrust, specific impulse, and EMR were slightly less than the nominal pre- 
diction but well within the predicted bands. These deviations from pre- 
dicted are very minor considering the S-IVB-512 stage was not static 
fired. Based on engine performance reconstruction the MRCV setting was 


within the requirement of 30.0 +1 degrees. 
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Figure 7-2. S-IVB Thrust Buildup Transient for First Burn 


ACTUAL 
- — — PREDICTED 





V S-IVB FIRST ESC 
VW S-IVB FIRST ECO 


NeOl ‘1SNUHL 





$Qt Ol SASNYHL 


64/S-N ¢Ol s/by * 
‘agtnawt dtatages 8/04 3AVUMOT Wil 


wqi/S-341 . 
“3SIndWl DIsID3dS S/HAL *3LVAMC IS W1L0l 





CHI/XOT SOLLWY 
JUNLXIW 3NION3 


60 


TIME FROM STDV OPEN +2.5 SECONDS 


40 


20 


4. 
? 0 





720 


660 


640 
RANGE TIME, SECONDS 


620 


580 600 


560 


S-IVB Steady-State Performance 


Figure 7-3. 


Table 7-1. S-IVB Steady State Performance - First Burn 
(STDV Open +135-Second Time Slice at Standard Altitude Conditions) 












FL ICHT PERCENT 
OARAMETER. PREDICTED RECONSTRUCTION | neyratron DEVIATION 
| | Epry’ PPEDICTED 

Thrust, Ibf 207 ,197 205,797 -1,400 | -0.63 

Specific Impulse, 428 .3 427.7 -0.6 | 0,14 
Tof-s/tbm 

LOX Flowrate, 403.40 401.26 -2,14 -9.53 
Tom/s 

Fuel Flowrate, 80.37 79.96 -0.4)} -0.5} 
lbm/s 

Engine Mixture 5.019 §.018 -.001 -0.02 


Ratio, LOX/Fuel 


The first burn time was 133.8 seconds, terminated by a guidance velocity 
cutoff command, which was 3.7 seconds less than predicted for the actua} 
flight azimuth of 91.5 degrees. This difference is composed of 4.1 
seconds less due to the higher than expected S-II/S-1VB separation 
velocity and 0.4 second longer due to lower S-IVB performance. Total 
impulse from STDV open +2.5-seconds to ECO was 28.23 x 10© Ibf-s which 
was 874,949 Ibf-s less than predicted. 


The engine helium control system performed satisfactorily during main- 
stage operation. An estimated 0.30 Ibm of helium was consumed during 
first burn. 


7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN 


S-IVB first ECO was initiated at 702.65 seconds and the ECO transient 
was satisfactory. The total cutoff impulse to zero thrust was 46,401 
Ibf-s which was 1237 Ibf-s lower than the nominal predicted value of 

47 ,638 lbf-s and within the +4100 Ibf-s predicted band. Cutoff occurred 
with the MRCV in the 5.0 EMR position. Thrust data during the cutoff 
transient is presented in Figure 7-4. 


The J-2 engine bleed vaives normally open within seven seconds from 
Engine Cutoff Command (ECC) based on previous flight experience. 
However, the engine helium control package was modified for this flight 
to allow the purge valve to open and close at a higher pressure. This 
results in a longer time to adequately reduce the accumulator pressure 
to allow the bleed valves to open. 
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Consequently, the bleed valves’ opening time from ECC was increased from 
approximately J to 14 seconds. 


7.9 S-IVB PARKING ORBIT COAST PHASE CONDITIONING 


The LH» CVS performed satisfactorily, maintaining the fuel tank ullage 
pressure at an average level of 19.1 psia. This was vell within the 
18 to 21 psia band of the inflight specification. 


The continuous vent regulator was activated at 761.8 seconds and was 
terminated at 11,020.8 seconds (03:03:40.8). The CVS performance is 
shown in Figure 7-9. 
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Figure 7-5. S-IVB CVS Performance - Coast Phase 


The CVS regulator began cycling at 900 seconds, about 30 minutes earlier 
than on previcus flights. The extended hold during launch countdown 

and the atmospheric conditions provided low initial LH2 tank and pro- 
pellant temperatures, which resulted in low boiloff and permitted regulator 
cycling early in the orbital coast period. 


Calculations based on estimated temperatures indicate that the mass 
vented from the fuel tank during oarking orbit was 2195 Ibm and that the 
boiloff mass was 2405 Ibm, compared to predicted values of 2330 Ibm 

and 2540 Ibm, respectively. 


LOX boiloff during the parking orbit coast phase was approximately 10 1bm. 


7.6 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR SECOND 
BURN 


Repressurization of the LOX and LH? tanks was satisfactorily accomplished 
by the 02/H2 burner. Burner "ON" command vas initiated at 11,020.6 
seconds 73:03:40.6). The LH2 repressurization control valves were 
opened at burner "ON" +6.1 seconds, and the fuel tank was repressurizec 
from 19.1 to 30.5 psia in 191 seconds. There were 26.2 Ibm of cold 
helium used to repressurize the LHp tank. The LOX repressur ization 
control valves were opened at burner "ON" +6.3 seconds, and the LOX tank 
was repressurized from 36.5 to 40.1 psia in 130 seconds. There were 3.7 
Ibm of cold helium used to repressurize the LOX tank. LH2 and LOX 
ullage pressures are shown in Figure 7-6. The burner continued to 
operate for a total of 459 seconds providing nominal propellant settling 
forces. The performance of the AS-512 02/H2 burner was satisfactory as 
shown in Figure 7-7. 


The S-IVB LOX recirculation system satisfactorily provided conditioned 
oxidizer to the J-2 engine for restart. Fuel recirculation system per- 
formance was adequate and conditions at the pump inlet conditions were 
satisfactory at second STDV open. The LOX and fuel pump inlet condi- 
tions are plotted in the start and run boxes in Fiaure 7-8. At second 
ESC, the LOX and fue! pump inlet temperatures were -294.4 and -418.5°F, 
respectively. 


Second burn fuel lead generally followed the predicted pattern and 
resulted in satisfactory conditions, as indicated by the fuel injector 
temperature. Since J-2 start system performance was nominal during 
coast and restart, no helium recharge was required from the LOX ambient 
repressurization system (bottle No. 2). The start tank performed 
satisfactorily during second burn blowdown and recharge sequence. The 
engine start tank was recharged properly and it maintained sufficient 
pressure during coast. The engine control sphere first burr gas usage 
was as predicted; the ambient helium spheres recharged the control 
sphere to a nominal level for restart. 


The second burn start transient was satisfactory. The thrust buildup was 
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within the limits set by the engine manufacturer and was similar to the 
thrust buildups observed on previous flights. The MRCV was in the proper 
€ull open (4.5 EMR) position prior to the second start. The total impulse 
from STNV open to STDV open +2.5 seconds was 182,502 Ibf-s. 


7.7 S-1VB MAINSTAGE PERFORMANCE FOR SECOND BURN 


The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comoarison of predicted 
and actual performance of thrust, specific impulse, total flowrate, and 
EMR versus time is shown in Figure 7-9, Table 7-2 shows the thrust, 
specific impulse, flowrates, and EMR deviations from the predicted at 
the STDV open +172-second time slice at standard altitude conditions. 
This time slice performance is the standard altitude performance which 
igs comparable to the first burn slice at STOV open +135 seconds. 


Thrust, specific impulse, and EMR were well w*thin the predicted bands. 
The thrust and propel lant flowrates were slightly lover than predicted. 


The second burn time was 351.0 seconds which was 4.0 seconds longer than 
predicted. This difference is primarily due to the slightly lower S-IVB 
performance and heavier second burn vehicle mass. The total impulse 
from STDY open +2.5 seconds CO ECO was 69.59 x 106 Ibf-s which was 
466,296 Ibf-s more than predicted. 


The engire helium control system per formed satisfactorily during mainstage 
operation. An estimated 1.) Ibm of helium was consumed during second 
burr. 


7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 


$-IVB second ECO was initiated at 11,907.64 seconds. The FCO transient 
was satisfactory. The total cutoff impulse to zero thrust was 46,260 
lbf-s which was 2123 lbf-s lower than the nominal predicted value of 
48,383 Ibf-s and within the +4100 1bf-s predicted band. Cutoff occurred 
with the MRCV in the 5.0 EMR position. 


7.9 S-1VB STAGE PROPELLANT MANAGEMENT 


A comparison of propellant masses at critical flight events, as deter- 
mined by various analyses, is presented in Table 7-3. The best estimate 
full load propellant masses were 0.027 percent greater for LOX and 0.005 
percent greater for LH2 than predicted. This deviation was well within 
the required loading accuracy. 


Extrapolation of best estimate residuals data to depletion, using the 
propellant flowrates, indicated that a LOX depletion would have occurred 
approximatel.’ 9.22 seconds after the second burn velocity cutoff. 
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Figure 7-9. 


Table 7-2. S-IVB Steady State Performance - Second Burn 
(STOV Open +172-Second Time Slice at Standard Altitude Conditions) 


PERCENT 


FLIGHT 
PARAMETER PREDICTED | RECONSTRUCTION DEVIATION 
DEVIATION | can PREDICTED 















205 ,608 
427.6 


Thrust, lbdf 207 ,197 





Specific Impulse, 425.3 


lbf-s/1bm 










403.40 400.95 





LOX Flowrate. 
lbm/S$ 















80.37 79.91 





Fuel Flowrate, 
Ttm/s 












5.019 






Engine ‘ixture 
Ratio, LOX/Fuel 


Table 7-3. S-IVB Stage Propellant Mass History 


FLOW BEST 
INTEGRAL ESTIMATE 


oe fe | 
43,944 | 195,495 43,600 43,752 
43,944 | 195 ,495 | 43,606 43,7590 
32,700 | 139.840} 32 2536 32,675 
30,363 | 139,684 30 ,040 30,078 
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as presented in Section 16. 
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During first burn, the pneumatically controlled two position Mixture 
Ratio Control Valve (MRCV) was positioned at the closed position for 
start and remained there, 4s programmed, for the duration of the burn. 


The MRCV was commanded to the 4.5 EMR position 119.9 seconds prior to 
second ESC. The MRCV, however, did not actually move until it received 
engine pneumatic power. 


At second ESC +100.0 seconds, the MRCV was commanded to the closed 


“position (approximately 5.0 EMR) ana remained there throughout the 


remainder of the flight. 
7.10 S-IVB PRESSURIZATION SYSTEM 
7.10.1 S-IVB Fuel Pressurization System 


Performance of the LH pressurization system was satisfactory during 
prepressurization, boost, first burn, coast phase, and second burn. 


The LH. tank prepressurization command was received at -96.3 seconds and 


“tha tafik pressurized signal was received 11.1 seconds later. Following 


the termination of prepressurization, the ullage pressure reached 

relief conditions (approximately 31.5 psia) and remained at that level 
until liftoff, as shown in Figure 7-10. A small ullage collapse occurred 
during the first 10 seconds of boost. The ullage pressure returned to 
the relief level by 130 seconds due to self pressurization. A similar 
ullage collapse occurred at S-iC/S-II separation. The ullage pressure 
returned to the relief level 35 seconds later. Ullage collapse during 
boost has been experienced on previous flights and is considered 

normal. 


Ouring first burn, the average pressurization flowrate was approximately 
0.67 Ibm/s, providing a total flow of 92.2 Ibm. Throughout the burn, the 
ullage pressure was at the relief level, as predicted. 


The LH2 tank was satisfactorily repressurized for restart by the 02/H2 
burner. The LH2 ullage pressure was 30.6 psia at second burn ESC, as 
shown in Figure 7-10. The average second burn pressurization flowrate 
was 0.69 Ibm/s until step pressurization, when it increased to 1.34 
lbm/s. This provided a total flow of 288.2 Ibm during second burn. Due 
to lower than expected ullage collapse, the ullage pressure was slightly 
above the predicted value, but well within acceptable limits, during the 
initial portion of second burn. The increase in pressurization flowrate 
resulting from the EMR change increased the ullage pressure to relief 
pressure (31./ psia) at second ESC +195 seconds. The initiation of step 
pressurization at second ESC +280 seconds increased the relief level to 
32.4 psia. 


The LH2 pump inlet Net Positive Suction Pressure (NPSP) was calculated from 


the pump interface temperature and total pressure. These values indicated 
that the NPSP at first burn ESC was 15.5 psi. At the minimum point, the 
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Figure 7-10. S-IVB LH2 Ullage Pressure - First Burn, Parking Orbit 
and Second Burn 


NPSP had satisfactory agreement with the predicted values. The NPSP at 
second burn STDV open was 7.0 psi, which was 2.5 psi above the minimum 
required value. Figures 7-11 and 7-12 summarize the fuel pump inlet 


conditions for first and second burns. 


7.10.2 S-1VB LOX Pressurization System 


LOX tank prepressurization was initiated at -167 seconds and increased 
the LOX tank ullage pressure from ambient to 40.1 psia in 14.9 seconds, 
as shown in Figure 7-13. Three makeup cycles were required to maintain 
the LOX tank ullage pressure before the ullage temperature stabilized. 
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Figure 7-13. S-IVB LOX Tank Ullage Pressure ~- First 
Burn, Earth Parking Orbit, and Second Burn 


At -96 seconds, fuel tank pressurization caused the LOX tank pressure 
to increase from 39.7 to 42.2 psia and unseat the tank pressure relief 
valve (NPV). The valve reseated at 40.6 psia and the ullage pressure 
then increased to 41.2 psia at liftoff. 


During boost there was a nominal rate of ullage pressure decay caused by 
tank volume increase (acceleration effect) and ullage temperature decrease. 
No makeup cycles can occur because of an inhibit until after Timebase 

4 (T4). LOX tank ullage pressure was 36.3 psia just prior to ESC and was 
increasing at ESC due to a makeup cycle. 


During first burn, six over-control cycles were initiated, includimy the 
programmed over-control cycle snitiated prior to ESC. The LOX tank 
pressurization flowrate variation was 0.24 to 0.29 Ibm/s during under- 
control and 0.33 to 0.41 lbm/s during over-control system operation. This 


variation is normal and is caused by temperature effects. Heat exchanger 
performance during first burn was satisfactory. 


The LOX NPSP calculated at the interface was 21.7 psi at the first burn 
ESC. This was 8.9 psi above the NPSP minimum requirement for start. 
The LOX pump static interface pressure during first burn follows the 
cyclic trends of the LOX tank ullage fressure. 


“During orbital coast, the LOX tank ullage pressure experienced a decay 
similar to that experienced in the AS-511 flight. This decay was within 
the predicted band, and was not a problem. 


The vehicle pitch maneuver at insertion resulted in minimal LOX slosh- 
_ ing and no tank venting. Mass addition to the ullage from LOX evapora- 
tion was minimal and the ullage pressure stayed below the relief range. 


_Repressurization of the LOX tank prior to second burn was required and was 
satisfactorily accomplished by the 02/H2 burner. The tank ullage pressure 
was 39.9 psia at second ESC and satisfied the engine start requirements. 


Pressurization system performance during second burn was satisfactory. 
There was one over-control cycle, which was nominal. Helium flowrate 
varied between 0.33 and 0.41 Ibm/s. Heat exchanger performance was 
satisfactory. 


The LOX NPSP calculated at the enaine interface was 22.5 psi at second 
burn ESC. This was 10.7 psi aoove the minimum required NPSP for second 
engine start. At all times during second burn, NPSP was above the 
required level. Figures 7-14 and 7-15 summarize the LOX pump conditions 
for first burn and second burn, respectively. The LOX pump run require- 
ments for first and second burns were satisfactorily met. 


The cold helium supply was adequate to meet all flight requirements. At 
first burn ESC, the cold helium spheres contained 382 Ibm of helium. 

At the end of second burn, the helium mass had decreased to 165 Ibm. 
Figure 7-16 shows helium supply pressure history. 


7.11 S-IVB PNEUMATIC CONTROL PRESSURE SYSTEM 


The stage pneumatic system performed satisfactorily during all phases 
of the mission. The pneumatic sphere pressure was 2390 psia at 
initiation of safing. 


7.12 S-IVB AUXILIARY PROPULSION SYSTEM 


The APS demonstrated close to nominal performance throughout flight and 
met cortrol system demands as required out to the time of flight control 


computer shutoff at approximately 41,532 seconds (11:32:13). 


The oxidizer and fuel supply systems performed as expected during the 
flight. The propel lant temperatures measured in the propel lant control 
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Figure 7-16. S-IVB Cold Helium Supply History 
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modules ranged from 60 to 107°F. The APS propellant usage was nominal. 


Table 7-4 presents the APS propellant usage during specific portions 


of the mission. 


Table 7-4. S-IVB APS Propel lant Consumption 


a1! 5. ; OU w. 


—arrorrer [et 





‘ q bj ‘ ¢ Fe } 
rem | _ PERCENT | Tremere veveczat | ue | revcent__ 
Initial Load 202.8 126.3% 203.6 126.1 
First Burn (Roll Control) 0.5 6.2 6.3 2 0.5 3 0.3 0.2 
£CO ve End of Firat. APS Ulleging 14.6 7.2 14.3 9.0 12.5 . 16.0 7.9 
(86.7 sec time period) 
fac of First Ullege Burn te 11.2 §.$ 7.0 §.6 §.8 2.9 
Start of Second ullage Burn 
Second Ultage Burn 12.5 6.1 9.5 7.5 12.8 7.5 
(76.7 sec Owration) 
‘Second Burn (Rell Contesty : : 0.3 0.1 0.2 2 ' 0.3 2 
| ECO to Start of First Lune 78.0| 13.7 | 10.8 | 14.9 %6.5 19.9 
lapact Bure at 22,200 sec. 
First Lunar Impact Ulltace (APS-1) 15.9 7.4 11.6 9.2 15.5 9.5 
Bern (98 sec Ourstion) 
from End of First Lunar Impact 7.0 3.4 4.4 3.5 7.0 3.8 
Burn te Start of Second Lunar 
lepact Burn at 40,500 sec. 
From Start of Second Lunar 18.2 7.5 12.0 4.5 16.6 9.7 
tapact (APS-2) Burn to FCC Cutoff 
(aporox imately 83,533 sec) 
Total Procellant Usage 164.3 $1.1 .!1 | $9.6 106.6 61.6 


wOTE: The AMS propellant consumption presented in this tadle calculated 
from heliue bottle pressure and tenperature mp ezereeen ts. 


Both regulators functioned nominally during the mission. The module No. 1 
regulator outlet pressure increased from 194 psia to 206 psia as the helium 
bottle temperature decreased from 80°F to -40°F. The module No. 2 regu- 
lator outlet pressure decreased from 194 psia to 186.5 psia as the hetvium 
bottle temperature increased from 85°F to 166°F. This thermal effect on the 
regulator outlet pressure is normal and has been observed on previous 
flights. The APS ullage pressures in the propellant tanks ranged from 

182 psia to 200 psia. 


The performance of the attitude control thrusters and the ullage thrusters 
was satisfactory throughout the mission. The thruster chamber pressures 
ranged from 95 to 101 psia. The ullage thrusters successfully completed 
the three sequenced burns of 86.7, 76.7, and 80.0 seconds; and the two 

round commanded lunar impact burns of 98 seconds at 22,200 seconds 

6:10:00) and 102 seconds at 40,500 seconds (11:15:00). The Passive 
Thermal Control (PTC) Maneuver was successfully completed prior to flight 
controt- computer shutoff. 


The longest attitude control engine firing recorded during the mission 
was 0.890 seconds on the modute No. 2 pitch engine at 12,810 seconds 
~~“during the Transportation Dockina and Ejec-ion (TN&E) maneuver. 


The average specific impulse of the attitude control thrusters was approxi- 
mately 220 Ibf-s/1bm for both modules. 


“The sealing and transducer mounting block changes incorporated in the 
AS-512 APS modules to prevent helium leakage such as occurred during the 
AS-511 mission were apparently successful. No leakage occurred during 
the AS-512 mission. 


7.13 SeIVB ORBITAL SAFING OPERAT IONS 


The S-IVB high pressure systems were safed following J-2 engine second ECO. 
The thrust developed during the LOX dump was utilized to provide a velocity 
change tor S-1VB lunar impact. The manner and sequence in which the 

safing was performed is presented in Figure 7-17, and in the following 
‘paragraphs. — 


7.13.1 Fuel Tank Safing 


The LH» tank was satisfactorily safed by utilizing both the Nonpropulsive 
Vent (fev) and the CVS, as «ndicated in Figure 7-17. The LHo tank ullage 
pressure during safing is shown in Figure 7-18. At second ECO, the LH2 
tank ullage pressure was 32.4 psia; after three vent cycles, this 

decayed to zero at approximately 25,000 seconds (06:56:40). The mass of 
vented GH2 agrees with the 2294 Ibm of residual liquid and approximately 
610 Ibm of GH2 in the tank at the end of powered flight. 


Telaye LOX Tank Dumping and Safing 


LOX dump performance in thrust, LOX flowrate, oxidizer mass, and LOX 
ullage pressure +. shown in Figure 7-19. 


At 22 seconds into the programmed LOX tank vent following second burn 
cutoff, vent system pressures and temperatures indicated momentary 
(less than 4 seconds) liquid venting. The amount of liquid vented 15S 
estimated at less than 20 pounds. 


Probable cause was 2 combination of a later engine LOX bleed valve open- 
ing than on previous flights and a vehicle pitch rate correction at J-2 
engine cutoff. The engine helium control package was modified, effective 
on AS-522, in response to a problem on the previous flight in which a 
$-I] stage J-2 engine He purge valve failed to completely close for 10 
seconds. This modification consisted of a change to the J-c engine 

LOX Dome/Gas Generator Purge System to incorporate a Purge Control Valve 
with readjusted operating pressures, 2 redundant Purge Check Valve and 
Purge Control Valve Vent Line Orifice. These changes resulted in delaying 
the bleed valve opening from 7 to 14 seconds after engine cutoff command 
(reference paragraph 7.4). After second burn shutdown and prevalve/ 
chilldown shutoff valve closure, the LOX pump inlet pressure increased to 
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Figure 7-17. S-IVB LOX Dump and Orbital Safing Sequence 
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Figure 7-18. S-IVB LH, Ullage Pressure - Translunar Coast 
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Fiqure 7-19. S-IVB LOX Dump Parameter Histories 


LOX FLOWRATE, kg/s THRUST, N 


N/em* OXIDIZER MASS, kg 


LOX ULLAGE 
PRESSURE, 


a greater value than that seen on past flights due to the delayed bleed 
valve opening -and consequent added heat transfer. At the same time 

LOX tank venting had reduced the LOX tank pressure. These two factors 
produce a greater pressure differential between the breed valve iniet 
and the tank at the time of bleed valve opening than was seen on 
previous flights. This increased pressure differential wou'd cause the 
bleed valve return flow. velocity. to be greater than normal. ihe pro- 
bable sequence of events that led to liquid venting would be: slosh 
activity following cutoff and pitch attitude corrections momentarily 
submerged the LOX chilldown return line diffuser during the higher than 
normal return flow through this line from the bleed valve; the higher 
velocity flow into the small amount of remaining liquid dispersed LUX 
in the tank in such-a manner that liquid was ingested into the non- 
propulsive vent system. 


This LOX venting is not significant for an Apollo mission. However, it 
is of concern for a Skylab mission because of the need to conserve 
residuals for deorbiting. the .S-IVB/IU. In order to eliminate similar 
liquid venting on Skylab missions a procedural change to delay closing 
the chilldown valve has been incorporated. 


Following vent completion, the ullage pressure rose gradually, due to 
self-pressurization, to 23.5 psia by the time of initiation of the 
transposition, docking, and ejection (TD&E) caneuver. 


The LOX dump was initiated at 19,460.2 seconds (05:24:20.2) and was 
satisfactorily accomplished. A steady liquid flow cr 368 apm was reached 
in 13.3 seconds. The LOX residual at the start of dump was 3928 lbm. 
Calculations indicate that 2564 ibm was dumped. Ouring dump, the ullage 
pressure decreased from 25.1] to 24.4 psia. A steady state LOX aump 
thrust of 720 lbf was attained. There was no ullac? gas ingestion, and 
LOX dump ended at 19,507.92 seconds (05:25:01.9) as scheduled, by clos- 
ing the Main Oxidizer Valve (MOV). The total impulse before MOV closure 
waS 33,050 ibf-s, resulting in a calculated velccity change of 29.3 
ft/sec. 


At LOX dump termination +242 seconds, the LOX NPY valve was opened and 
Yatched. The LOX tank ullage pressure decayed from 24.4 psia at 19,750 
seconds (05:29:10) to near zero pressu.e at approximately 24,000 seconds 
(06:40:00) as shown in Figure 7-20. Sufficient impulse was derived from 
the LOX dump, LH CVS operation, and APS ullage burn to achieve lunar 
impact. For further aiscussion of the lunar impact, refer to Section 17. 


7.13.3 Cold Helium Dump 

A total of approximately 159 bm of cold helium from “he bottles sut- 
merged in the LH2 tank was dumped through the cold He dump module during 
the three programmed dumps which occurred as shown in Fiaure 7-17. 
7.13.4 Ambient Helium oump 


The two LOX ambient repressurization spheres were dumped through the LOX 
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Figure 7-20. S-IVB LOX Tank Ullase Pressure - Translunar Coast 


ambient repressurization control module into the LCX tank NPV system for 
40 seconds beyinning at 11,938 seconds (03:18:58). During this dump, 
the pressure decayed from 2900 psia to approximately 1200 rsia. 


A modification to the stage ambient He system, effective with AS-512, 
provided an interconnect through a normally closed valve to the APS He 
bottles. This interconnect provides an APS recharge capability in 

the event that He losses, simila- to those seen on AS-511, occur. In 
order to retain the recharge capability through the initiation of the 
first APS lunar impact burn (APS-1), the AS-512 LH2 ambient repressuri- 
zation sphere dump time was reduced to 15 seconds as opposed to the 
AS-511 dump time of 1070 seccnds. The 15-second dump began at 21,196 
seconds (05:53:16) and approximately 16.3 Ibm of He was dumped via the 
fuel tank and the non-propulsive vere. 


7.13.5 Stage Pneumatic Control Sphere Safing 


The stage pneumatic control sphere and the LOX repressurization spheres 
were safed by initiating the J-2 engine pump purge for a one-hour period. 
This activity began at 18,180 seconds (05:03:00) and satisfactorily 
reduced the pressure in the spheres fom 2390 to 1300 psia. 


7.13.6 Engine Start Tank Safing 


The engine start tank was safed during a period of approximatety 150 
seconds beginning at 15,509 seconds (04:18:29). Safing was accomplished 
by opening the start tank vent valve. Pressure was decreased from 

1300 to 20 psia with approximately 2.78 Ibm of nydrogen being vented. 


Telecel Engine Control Sphere Safing 


The engine Control sphere He dump was reduced to 16 sec on AS-5I2 as 
opposed to IC0C secends on AS-511 to retain an APS He recharge capability 
as discussed in 7.13.4. 


The safing of the engine control sphere began at 21,216.4 (05:53:26.4) 
by energizing the helium control solenoid to vent helium through the 
engine purge system. “The helium control sphere vented until 21,232.4 
seconds (05:53:52.4) with the initial pressure of 2970 psia reduced to 
1340 psia at vent termination. 


7.14 S- IVB HYDRAULIC SYSTEM 


~ + - —-_ « 


7.14.1 Boost and First Burn 


The S-IVB Hydraulic System performed within the predicted limits after 
liftoff with nu overboard venting of system fluid as a result of hydraulic 
fluid expansion. Prior to start of propellant loading, the accumulator was 
precharged to 2440 psia at 85°F. Reservoir oi] level (auxiliary pump of f) 
was 82 percent at 65°F at 20 minutes prior to launch. 


During S-IC/S-II boost, all system fluid temperatures rose steadily 
when the auxiliary pump was operating and convection cooling was 
decreasing. The suppiy pressure during the S-IVB first burn was 3570 
psia which was within the allowable limits of 3515 to 3665 psia. 


The engine driven hydraulic pump operated properly as indicated by the 
current drop at engine start. Due to the close pressure settings of the 
pumps and the minimum demand by the system, the auxiliary pump provided 
the system internal fluid leakage rate of 0.63 gal/min (0.4 to 0.8 gpm 
allowable) for the burn. This is characterized by the pump motor current 
draw of 42 amperes. 


7.14.2 Parking Orbit and Second Burn 


The auxiliary hydraulic pump was programmed to flight mode "ON" at 

11,198 seconds for engine restart preparations. System pressure stabilized 
at 3530 psia. At engine start, system pressure increased to 3580 

psia and remained steady for approximately 140 seconds. The engine 

driven pump furnished most of the leakage flow during this period as 
evident by a current draw from Aft Battery No. 2 of 22 amperes. Fol low- 
ing the first 140 seconds, the auxiliary hydraulic pump began sharing a 
portion of the leakage flow as indicated by an increase in current to 
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29 amps and a slight decrease in system pressure. Later, during the 
burn, the engine driven pump again furnished the leakage flow require- 
ments for approximately 30 seconds followed by the auxiliary pump fur- 
nishing. most. of..the leakage flow as evident by shifts in Aft Battery 
No. 2 current. System temperatures were normal during the burn. Pump 
inlet oil temperature responded to the chanaes in Aft Battery No. 2 
current as the pressure and flow output varied between the two pumps. 


The most-probable cause for the interaction between the two pumps is the 
close pressure settings between the two pumps and frictional hysteresis 
in the engine drive pump flow-regulating mechanism. The operation of 

the hydraulic system during the first and second burns was nominal and 
the interaction between the two pups is within the design specification 
of the system. It should be noted that this interaction between the 

two pumps does not indicate-an impending malfunction and does not degrade 
the reliability of the engine driven pump or auxiliary hydraulic pump. 
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SECTION 8 
ee -. STRUCTURES 


8.1 SUMMARY 


The structural loads experienced during the S-IC boost phase were well 
below design values. The maximum bending moment was 96 x 106 Ibf-in at 
the S-IC LOX tank (Jess than 36 percent of the design value). Thrust 
cutoff transients experienced by AS-512 were similar to those of previous 
flights. The maximum longitudinal dynamic responses at the Instrument 
Unit (IU) were +0.20 g and +0.27 g at S-IC Center Engine Cutoff 

and Outboard Engine Cutoff: TOECO), respectively. The magnitudes of the 
thrust cutoff responses are considered normal. 


During S-IC stage boost, four to five hertz oscillations were detected 
beginning at approximately 100 seconds. The maximum amplitude measured 
at the IU was +0.06 g.- Osctltations in-the four to five hertz range 
have been observed on previous flights and are considered to be norma} 
vehicle response to flight environment. POGO did not occur during S-IC 
boost. 


The S-I! stage center engine LOX feedline accumulator successful ly 
inhibited the 16 hertz POGO oscillations. A peak response of +0.4 g 

in the 14 to 20 hertz frequency range was measured on engine No. 5 gimbal 
pad during steady-state engine operatior. As on previous flights, low 
amplitude 1] hertz oscillations were experienced near the end of S-II 
burn. Peak engine No. 1 gimbal pad response was +0.06 g. POGO did not 
occur during S-II boost. The POGO limiting backup cutoff system per- 
formed satisfactorily during the prelaunch and flight operations. The 
system did not produce any éiscrete outputs and should not have since 
there was no POGO. 


The structural loads experienced during the S-IVB stage turns were well 
below design values. During first burn the S-IVB experienced low ampli- 
tude, +0.14 g, 16 to 20 hertz oscillations. The amplitudes measured 

on the gimbal block were comparable to previous flights and within the 
expected range of values. Similarly, S-IVB second burn produced inter- 
mittent lov. amplitude oscillations of +0.10 g in the 11 to 16 hertz 
frequency range which peaked near second burn cutoff. 


8.2 TOTAL VEHICLE STRUCTURES EVALUATION 
8.2.1 Longitudinal Loads 
The structural loads experienced during boost were well below design 


values. The AS-512 vehicle liftoff steady-state acceleration of }.21 g 
was slightly higher than predicted (1.19 g), resulting in slightty higher 


8-1] 


longitudinal loads but no associated problems. Maximum longitudinal 
dynamic response measured during thrust buildup and release was +0.21 9 
in the IU and +0.40 g at the Command Module (CM), Figure 8-1. Comparable 
values have been seen on previous flights. 
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Figure 8-1. AS-512 Longitudinal Acceleration at IU and CM During 
Thrust Build-up -and Launch 


The F-1 engine thrust buildup rates were normal. The ignition sequence 
was 2-l-l-1 with engines 3 and 4 igniting early relative to the center 
engine. While the desired 1-2-2 start sequence was not achieved, the 

time deltas between pairs of diametrically opposed engines were within the 
3g dispersion used in preflight loads analyses (229 ms). The desired 
start sequence apparently cannot be expected with high confidence, but 

the structural loads on the SA-513 vehicle have been analyzed using start 
sequence stagger times both less and significantly larger than experi- 
enced on AS-512 with no problems arising. Thus the AS-512 ignition 
sequence has been established as not detrimental to SA-513. 


The longitudinal loads experienced at the time of maximum bending moment 
(79 seconds) were as expected and are shown in Figure 8-2. The steady- 
state longitudinal acceleration was 2.02 g. 


Figure 8-2 also shows that the maximum longitudinal loads imposed on the 
S-IC stage thrust structure, fuel tank, and intertank area occurred at 
S-IC CECO (139.3 seconds) at a longitudinal acceleration of 3.79 g. 

The maximum lonaitudinal loads imposed on all vehicle structure above 
the S-IC intertank area occurred at S-IC OECO (161.2 seconds) at an 
acceleration of 3.87 9. 


Combined compression and tension loads were computed for the max imum 
bending moment, CECO and OECO conditions, usina the loads shown in 
Figures 8-2 and 9.3 and measured ul lage pressures. Those loads 
which produced minimum safety margins are plotted versus vehicle sta- 
tion along with the associated capabilities in Figure 8-4. The 
minimum ratio of capability to load is at Station 1541 for the OECO 
condition. 
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Figure 8-2. Longitudinal Load Distribution at Time of Maximum Bending 
Moment, CECO and OECO 


8.2.2 Bending Moments 


The peak vehicle bending moment occurred during the maximum dynamic 
pressure phase of boost at 79 seconds, Figure 8-3. The maximum bending 
moment of 96 x 106 Ibf-in at vehicle station 1156 was less than 36 
percent of design value. 


8.2.3 Vehicle Dynamic Characteristics 
8.2.3.1 Longitudinal Dynamic Characteristics 


During S-IC stage boost, the significant vehicle response was the 

expected four to five hertz first longitudinal mode response. The low ampli- 
tude oscillations began at approximatel:: 100 seconds and continued 

until S-IC CECO. The peak amplitude measured in the IU was +0.06 g, 

the same as seen on AS-510 and AS-511. The AS-512 IU response during 

the oscillatory period is compared with previous flight data in Figure 

8-5. Spectral analysis of engine chamber pressure measurements shows 

no detectable buildup of structural/propulsion coupled oscillations. 

poRO did not occur during S-IC boost. 
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Figure 8-3. Bending Moment and Load Factor Distribution at Time 
of Maximum Bending Moment 


Engine 2 outboard fuel suction duct 1 pressure data (Di46-115) showed a 
high amplitude (8 psi peak) 11 Hz oscillation throughout most of the 
S-IC stage burn. The 11 Hz frequency content was also found in the 
related fuel suction inlet pressure measurement 04-102 where it appears 
as an aliased 1 Hz frequency of similar amplitude. 


This 11 Hz oscillation has been observed on previous flights for various 
time periods and comparable amplitudes. In particular, the fuel inlets 
on Engine 5 on AS-501 (D146-115 and 0149-115) exhibited a 12.5 Hz, 

8 psi peak amp }itude oscillation throughout flight. 


This observed oscillation is a combined pump-propel lant feed line pres- 
sure oscillation that occurs under certain Net Positive Suction Pressure 
(NPSP) conditions which were met for Engine 2 for most of the AS-512 S-IC 
burn time. This is not a POGO phenomenon. No significant vehicle 
response occurred at this frequency. 


The AS-512 S-IC CECO and OECO transient responses were equal to or less 
than those of previous flights. The maximum longitudina] dynamics 
resulting from CECO were +0.20 g at the IU and +0.50 g at the CM, 
Figure 8-6. For OECO the maximum dynamics at the IU were +0.27 9 and 
+0.80 g at the CM, Figure 9.7. The minimum CM acceleration level of 
=0.60 g occurred at approximately the same time and is somewhat lower 
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Ficure 8-4. AS-512 Envelope of Combined Loads Producing Minimum Safety 
Margins for S-IC Flight 





than on previous flights but considered normal. 


The S-II stage center engine accumulator effectively suppressed the 16 
hertz POGO phenomenon. The flight data show that the 16 hertz oscil la- 
tions were inhibited with amplitudes comparable to those seen on AS-511, 
Figure 8-8. The peak 14 to 20 hertz center engine gimbal] response was 
approximately +0.4 g, as compared to +0.5 g on AS-511. POGO did not 
occur. 


The usual transient response in the center engine LOX pump inlet 
pressure was experienced shortly after accumulator fill was initiated. 
The peak response was approximately 34 psi peak-to-peak with a frequency 
of approximately 70 hertz, Figure 8-9. The LOX pump iniet pressure 

on AS-511 had a higher freauency content, a longer duration, and lower 
amplitude (13 psi peak-to-peak ) but AS-512 is similar to AS-510 (45 

psi peak-to-peak at 68 hertz). Such variation. are not unique and the 
causes are attributed to the individual pump characteristics. There are 
no parallel increases in responses among the other engine pressures 

and the structural accelerations which again indicates the lack cf 
strong coupling between the transient pressure response and tne structural 
accelerations. 
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Figure 8-5. IU Vibration During S-IC Burn (Longitudinal) 


As on prior flights, very low 1] hertz oscillations were noted near the 
end of S-II burn. The AS-512 peak engine No. 1 gimbal pad response was 
+0.06 g as compared to +0.07 g on AS-511. 


During S-II burn, between 184 and 207 seconds range time, the vibration 
level on the S-IVB gimbal block was discernible above the noise floor, 
Figure 8-10. The maximum acceleration of the gimbal block in this inter- 
val was about +0.06 g. The signature of this signal appears to be wide 
Sand random. No signature similar to the S-IVB gimbal block oscillation 
wa$ apparent on the various S-II dynamic parameters, i.e., the structural 
vibrations, the LOX pump inlet pressure fluctuations and the combustion 
chamber pressure fluctuation. Figure 8-11 compares the spectrum of the 
S-IVB gimbal block signal with. the spectrum of the S-II center engine 
thrust pad. The spectrum associated with the center engine indicates 

a very low level response concentrated in the 20 hertz region. The 
S-IVB gimbal block has the character of a random response across the 
frequency spectrum. This demonstrates that the S-IVB phenomena is 
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Figure 8-6. AS-512 Longitudinal Acceleration at IU and CM 
During Center Engine Cutoff 


not the result of a forced response due to an excitation emanating 
from the S-II. The S-IVB gimbal block vibration spectrum shows an 
order of magnitude increase when the noise occurs whereas the S-IVB 
LOX pump inlet pressure shows little change, Figure 8-12. The higher 
levels at frequencies from S to 20 hertz on the gimbal block do not 
occur in the LOX pump inlet pressure. Therefore it is concluded that 
the disturbance is not valid vibration data. Also, the amplitude 
during this disturbance, if valid, would produce insignificant dynamic 


loads on the stage. 


During AS-512 S-IVB first burn, low frequency (16 to 20 hertz) longitu- 
dinal oscillations very similar to those observed on AS-511 were 
evident. The AS-512 amplitudes (+0.14 g at gimbal block) were well 
below the maximum measured on AS-505 (+0.30 g) and within the expected 


range of values. : 
; 


AS-512 S-IVB second burn produced intermittent 11 to 16 hertz oscilla- > 
tions similar to those experienced on previous flights. The oscillations 

began approximately 135 seconds prior to cutoff and had a maximum value 

of +0.10 g measured on the gimbal block. This compared to +0.05 g on 

AS-510 and +0.08 g on AS-511. 7 ; 
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8.2.4 Vibration 


There were no significant vibration environments identified on AS-512. 
A comparison of AS-512 data with data from previous flights show similar 
trends and magnitudes. 


The "buzz" reported by the astronauts on AS-511 flight is again apparent 
on AS-512 at approximately 63 hertz in the pump inlet pressure measure~ 
ment as it has been on previous flights. The vibrations can also be 
seen on selected propulsion pressure measurements (Figure 8-13). The 
AS-512 data show amplitudes similar to AS-511 (less than 1.0 psi rms). 

A review of AS-510 data showed similar vibration at approximately 72 
hertz. The vibration is related to normal stage propulsion system 
operation and probably characteristic of the J-2 turbomachinery. These 
vibrations pose no p0GO or any other structural concerns, and are of 


very low amplitude. 


ee) S-JI POGO LIMITING BACKUP CUTOFF SYSTEM 


The backup cutoff system provides for automatic S-I1 cECO if vibration 
response levels exceed predetermined levels within the preselectes fre- 
quency band. The system consists of three sensors, 4 two-out-of-three 
voting logic, an engine cutoff arming function, and an automatic disable 
function which 7s effective until the arming operation has occurred. 


The system did not produce discrete outputs at any time. The accelero- 
meter analog outputs were well below the levels which would produce a 
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discrete output even during the engine start pericd when the system was 
not armed. After armina, the analog output d’d net exceed one g. 
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Ficure 8-8. AS-512 Center Engine Chamber Pressure and Gimbal Pad 
Acceleration During S-II Burn (8 to 20 Hz Filter) Compared to AS-511 : 
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Figure 8-9. AS-512 Dynamic %esponses During S-I1 Accumulator Fill 
(1-116 Hz Filter) 
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Figure 8-10. AS-512 S-IVB Gimbal Block Acceleration During S-11 Burn - 
Longitudinal (8 to 20 Hz Filter) 
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Figure 8-12. Noise on S-IVB Gimbal Block During 3-11 Burn 
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SECTION 9 
GUIDANCE AND NAVIGATION’ ° ~~" > > 


9.1 SUMMARY 


The Stabilized Platform and the Guidance Computer’ successfully supported 
the accomplishment of all guidance and navigation mission objectives 

with no discrepancies in performance of the hardware. The end condi- 

tions at Parking Orbit Insertion and Translunar Injection were attained with 
insignificant navigation error. 


Two anomalies related to the flight program did occur. At approximately 
5421 seconds range time (T5 +4718.8) minor loop error telemetry indicated 

an unreasonable change in the yaw gimbal angle during one minor loop. 

At the re-initialization of boost navigation for S-IVB second burn the 

extra accelerometer readings normally telemetered from Guidance Reference 
Release (GRR) to liftoff plus 10 seconds were restarted and continued ~~~ ~ 
throughout second burn boost navigation. Neither of these anomalies sig- 
nificantly impacted navigation, guidance and control. A detailed discussion 
is included in Section 9.3.3 and 9.3.4. | 


A minor discrepancy occurred during S-II burn, when the yaw gimbal angle 
failed the zero reasonableness test twice, resulting in minor loop error 
telemetry at 478.3 seconds (T3 +317.2) and 559.4 seconds (T3 +398.2). 
Detailed discussion of this occurrence is included in Section 9.3.2. 


9.2 GUIDANCE COMPARISONS 


The postflight guidance error analysis was based on comparisons of tele- 
metered position and velocity data with corresponding values from the 
final postfliaht trajectory (21 day observed mass point trajectory) as 
established from telemetry and external tracking (see paragraph 4.2). 
Comparisons of the inertial platform measured velocities (PACSS 12) with 
correspondina postflight trajectory values from Jaunch to earth parking 
orbit (EPO) are shown in Figure 9-1. At EPO insertion these differences 
were 0.47 m/s (1.54 ft/s), 3.07 m/s (10.07 ft/s), and 0.18 m/s (0.59 ft/s) 
for vertical, crossrange and downrange velocities, respectively. The 
inplane differences are very small. The crossrange velocity difference 

is somewhat larger than expected from laboratory measured hardware 

errors. However, this difference includes trajectory errors as wel | 

as platform measurement errors and is well] within the combined accuracies. 
There was no indication of either inplane or crossrange velocity error 
caused by an accelerometer hitting its mechanical stop during thrust 
buildup on AS-512. 


Platform velocity differences for the translunar injection burn are shown 
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Figure 9-1. 


in Figure 9-2. At Time Base 6 (76) minus 7.21 seconds, the platform 
velocity measurements were properly set to zero in the LVDC and the 
corresponding trajectory data were adjusted accordingly for comparison | 
with the LVDC outputs. The differences shown in Figure 9-2 reflect _— 
adjustments made to the telemetered platform velocities during con- 
struction of the trajectory initialized to a parkina orbit state 

vector and constrained to a state vector near TLI which was determined 
from post TLI tracking. The inplane (vertical and downrange) velocity 
difference profiles are not characteristic of hardware errors. . However, 
the deviations are small and reflect an inconsistency between the 
initia) and terminal trajectory state vectors. The cressrange velocity 
difference is greater than expected but well within the accuracy of the 
trajectory and 3 sigma hardware errors and the error profile is charac- 
teristic of platform misalignment due to drift over the long coast 
before second burn. a : eee 
Telemetered platform system velocity measurements at significant event 

times are shown in Table 9-1 along with corresponding data from both 

the postflight and Operational (predicted) Trajectories (OT). The dif- 
ferences between the telemetered and postflicht trajectory data reflect _ 
some combination of small guidance hardware errors and tracking errors. 

The differences between the LVOC and OT values reflect differences 

between actual and nominal performance and environmental conditions. 

The values shown for the second burn are velocity changes from 16. The 
characteristic velocity accumulated during second burn was 0.44 m/s 

(1.44 ft/s) greater than the OT which indicates slightly more stage 
performance was required to meet the targeted end conditions. The 
telemetered data indicated 0.32 m/s (1.05 ft/s) less than the postflight 
trajectory. The difference in indicated performance between the telemetered 
and postflight trajectory data reflects small errors in the state 

vectors to which the guidance velocities were constrained to generate 

the boost-to-TLI trajectory. The velocity increase due to thrust decay 

was 0.01 m/s (0.033 ft/s) less than the OT after first ECO and 0.05 m/s 
(0.16 ft/s) greater than the OT after second ECO, indicating very good 
prediction in both cases. 


Comparisons of navigation (PACSS 13) positions, velocities and fliaht 
path angle at significant event times are presented in Table 9-2. Dif- 
ferences between the LVDC and OT values reflect off-nominal flight 
environment and vehicle performance. At first S-IVB ECO total ve.-~ity 
was 0.20 m/s (0.66 ft/s) less than the OT and the radius vector was 
30.8 m (101.0 ft) greater than the OT. At S-IVB second ECO orbital 
energy (C3) was 1849 me/s@ greater than the OT value of -1,769,443 m2/s*. 
The LVDC and postflight trajectory were in excellent agreement, except 
for crossrange, for the boost-to-EPO portion of flight. The crossrange 
component differences are within the accuracy of the data compared. 

The state vector differences during parking orbit were very small as 
compared to prior Saturn V flights. These small differences during 


parking orbit indicate that the vent thrust was effectively the same 5 

as programmed in the LYDC. The postflight trajectory and LYOC state 

vectors at TLI were in relatively good agreement. The difference in C3 o, 
5 
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Table 9-1. Inertial Platform Velocity Comparisons 
(PACSS-12 Coordinate System) 


EVENT DATA SOURCE rear] 


(8 634. 35) (- 38. 1) i 251. "is} 


2 203.74 
(7 230.12) 


2 201.44 
(7 222.56) 


6 812.20 
(22 349.74) 






















Postflight Trajectory -11.07 


(-36.32) 


-3.37 
(-11.05) 









2 631.68 
(8 634.12) 

2 637.75 
(8 654.03) 
















Operational Trajectory 
























Guidance (LVOC) 3 408.84 


(11 183.86) 
































































a Postflight Trajectory | 3 409.52 6 810.92 
(11 186.09) (22 345.54) 
Operational Tracsectory 3 425.35 6 787.06 
(11 238.04) (22 267.25) |. 
Guidance (LYDC} 3 212.45 7 603.88 
(10 539.53) (24 947.11) 
$-1¥B 
Postflight Trajectory 3 212.95 . 7 603.99 
FIRST ECO : (10 541.18) (24 947.49) 











3 226.31 
(10 584.99) 


3 211.9 
(10 537. 9} 


3 212.42 
(10 539.44) 


Operatonal Trajectory 





7 606.72 
(24 956.44) 
7 605.55 
(24 952.59) 























Guidance (LVDC) -1.65 


(-5.41) 


1.42 
(4.66) 


-1.19 
(-3.91) 


-22.40 
(-73.49) 


-13.97 
(-39.27) 


-22.71 
(-74.51) 


-2 770.20 -22.40 1 501.00 
(-9 088.58) {-73.49) (4 924.54) 


-2 70.33 “11.87 1 501.47 






















Postflight Trajectory 










7 605.73 
INSERTION (24 953.18) 
















3 225.76 
(10 583.19) 


-2 766.68 
(-9 077.03) 


-2 766.91 
(-9 077.79) 


-2 769.00 
(-9 084.63) 


Operational Trajectory 







7 608.39 
(24 961.89) 
1 499.70 
(4 920.28) 





















Gutdance (LYDC) 











$-1¥8 
SECOND ECO* 





Postflight Trajectory 









1 500.07 
(4 921.49) 
1 494.47 

a 903.13) 




























Sperational Trajectory 






Guidance (LVDC) 


Postflight Trajectory 


(-9 089.01) (-28.94) (4 926.08) 


Operational Trajectory 1 495.75 


-22.32 
(-74.55) (4 907.33) 








*yalues represent velocity change from Time Base 6. 
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at TLI was -1887 m“/s* (trajectory minus LYDC). Figure 9-3 presents the. 
state vector comparisons during EPO. The LVDC data not received because 
of non-continuous station coverage were simulated by initializing toa. 
telemetered state vector and integrating a trajectory using flight program 
navigation equations and programmed vent accelerations. At T6, the differences 
in total position and velocity were 872 meters in radius and 1 m/s in 

velocity and are not significant. 


The AS-512 vehicle was guided to the targeted end conditions with a high 
degree of accuracy. Vent thrust was effectively nominal during EPO. 
Figure 9-4 presents the continuous vent thrust reconstruction along with 
OT predictions and three-sigma envelope. The upper portion of Figure 
9-4 shows the orbital acceleration derived from the platform measure- 
ments adjusted for accelerometer bias. The LVDC programmed acceleration . 
is also shown. The oscillations in acceleration from orbital navigation 
(804.2 seconds) to about 2500 seconds may not be real. During this period 
only compressed data were available for a curve fit of the telemetered 
velocity outputs. However, the area under the curve which represents 
the accumulated velocity over this time span is essentially nominal. 


The LVDC state -ector at TLI was compared with the OT and postflight” 
trajectories and the differences are presented in Table 9-3. The LOC 
radius vector was 5093.1 meters (16,709.6 ft) higher than the OT and 
686.7 meters (2253.0 ft) lower than the postflight trajectory value. 
Telemetered total velocity was 4.24 m/s (13.91 ft/s) less than the OT 
and 0.83 m/s (2.72 ft/s) higher than the postflight trajectory. The 
guidance system was highly successful in measuring the vehicle per- 
formance and generating proper commands to guide the vehicle to desired 
conditions as shown in Table 9-4. 


9.3 NAVIGATION AND GUIDANCE SCHEME EVALUATION 


The LVDC flight program performed all reauired functions properly. Two 
anomalies are reported in paragraphs 9.3.3 and 9.3.4. Neither signi- 
ficantly affected flight program per formance. 


9.3.1 Variable Launch Azimuth 


Que to the unscheduled hold in the countdown at appreximately T-30 seconds, 
the variable launch azimuth function of the flight program was required 

to perform over a time variation greater than for any previous Saturn 

V vehicle. The two hour 40 minute launch delay resulted in a change of 

the flight azimuth from 72.141 degrees to 91.504 degrees East of North. 

The performance of flight program in achieving the targeted parameters 

was satisfactory. 


9.3.2 First Boost Period 


All first stage maneuvers were performed within predicted tolerances and 
Iterative Guidance Mode (IGM) performance for first boost was nominal. 
The steering commands telemetered during first boost are illustrated 

in Figure 9-5. Table 9-4 shows the terminal end conditions for first 
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Figure 9-4. Continuous Vent System (CVS) Thrust and Acceleration 
During EPO 
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Figure 9-5. Steering Commands, First Boost 
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Table 9-3. State Vector Differences at Translunar Injection 


OPERATIONAL POSTFLIGHT 


PARAMETER TRAJECTORY TRAJECTORY 
MINUS LVDC MINUS LVDC 




















35 370.6 
(11° 045.3) 


4 261.1 


ike» meters 
(13 980.0) 


(feet) 



























































bYe, me cers 93.6 3 868.6 
(feet) (307.3) (12 692.3) 
sZ,, meters -13 706.7 -330.6 
(feet) (-44 969.5) (-1 084.6) 
SR, meters -5 093.3 687.7 
(feet) (-16 709.6) (2 253.0) 
Xe, m/s 7.13 2.30 
(ft/s) (23.39) - (7.55) 
Yes m/s 20.15 11.19 
(ft/s) (-0.49) (36.71) 
ale, m/s 30.74 3.76 
(ft/s) (100.85) (12.34) 
AV, m/s 4.24 -0.83 
(ft/s) (13.91) (-2.72) 


burn. Terminal conditions were obtained by linear forward extrapolation 
using the velocity bias AVp = 1.514 meters/second to establish the 
extrapolation interval beyend velocity cutoff. 


Minor loup error telemetry indicated an unreasonable zero reading of 
the yaw (Z) gimbal at 478.4 seconds (T3 +317.2) and again at 559.4 
seconds (T3 +398.2). The test for an unreasonable zero reading was 
designed to detect a failure of the gimbal resolver power source. If 
two successive readings of the gimbal are found to be zero while the 
past attitude error magnitude exceeds the test constant (0.06 degrees) 
the zero reasonableness test is failed and minor loop error telemetry 
is generated. If the fine resolver fails the zero test three times in 
0.8 seconds during boost, a failure of the fine resolver is assumed and 
the corresponding backup resolver is selected for attitude information 
for the remainder of the mission. Since gimbal and ladder data at the 
times of the error telemetry indicate zero yaw with yaw ladders (indi- 
cative of yaw attitude error) greater than the test constant, the flight 


Table 9-4. AS-512 End Conditions 





















FIRST BURN 
ERROR 

PARAMETER (ACHIEVED-OESIRED ) 

Terminal Velocity, ‘T 7804. 0613 7803 .8796 -0.1817 
(m/s) 

Radius, Ry (meters) 6,544 ,846.0 § 544 838.51 -7.49 

Path Angle, OT 9.0 -0.000743 -0.000741 
(degrees) 

Inclination, 1 28. 523855 28.524201 0.000346 
(degrees) 

Descending Node, 4 37 .019862 87 .018449 -9.001413 





(degrees } 

















0.97219893 
28. 424998 


Eccentricity, © 9.97220895 





Inclination, I 28. 424496 


(degrees) 












Descending Node, A 86. 143262 86. 142845 


(degrees) 











Argument of Perigee, 24,936942 26.925433 


«0 (degrees) 










Energy, C3 ("2/sec*) ~1 684,562. 323 


program apparently responded correctly. Only one unreasonable zero 
reading was found in each case and no change to backup readings was 
initiated. Although the improper selection of a backup resolver would 
not significantly degrade system accuracy, the current zero test is 
being studied for possible changes to either the test method cr the mag- 
nitude of the test constant for future missions. 


9.3.3 Earth Parking Orbit 


Parking orbit guidance proceeded as expected. Table 9-5 presents the 
commanded steering angles for major events. 


Orbital navigation was within the required tolerances for parking orbit. 
Termination of orbital navigation occurred at 10,971.4 seconds 
(T6 -7.2). 


Table 9-5. Coast Phase Guidance Steering Commands at Major Events 


mes | we TIME, SECONDS 


Earth Inttiste Ordital Guidance 
Parking Cat Freeze 
Orvit 


[attiate Marevver to 
Local Hortzontal 


Initiate Orsitel 


Navigation 
Post Intttate Oroital Gutdance 
TLI Chi Freeze 


In(ttate Ordita! 
Navigation 


Initiate Maneuver to 
Local Hert zontal 


TOBE Maneuver Camp lete 


4 
Initiate Lunar [mpect 
Local teference Maneuver 


Minor loop error telemetry issued 
indicated an unreasonable change i 
bal angle. The test for a reasona 


Intttate TOME Maneuver 
¢ a oo 


TS +0.0 

















T5 ©21.538 


TS 101.378 


T7 «0.0 
T7 #182.003 


17 +152.033 






T? +901.032 
1? 5194.4 
TS o581.018 





COMPUMNDED STEERING ANGLES, DEGREES 
0.7422 -106 9471 -0. 5888 | 
0.000G 317.68) 0.1265 
0.3404 -159. 9286 sa 
0.0000 179.2931 0.2382 
"180.9000 «105.1028 , 40.2581, 
180.0000 -94. 3583 -18. 6886 


at approximate.y 5421 seconds (T5 +4718.8) 
n successive readings of tne yaw gim 
ble change is made by comparing the 


differenc> in past and current gimbal readings with a preset test 
constant. If the change between past and current 
exceeds the respective test constant for pitch, yaw, or roll the change 
The magnituce of the yaw test constant at 


igs considered unreasonable. 


the time of the failure was 0.2 degree/minor loop. 
in one second during orbit 
reading is selected for 
attitude information for the remainder of the mission. Since only one 
unreasonable chance was found, the backup yaw gimbal was not selected. 


fails tne reasonableness test three times 
the corresponding backup (coarse) resolver 


Evaluation of the gimbal angle data from the time 


indicated that the yaw (Z) backup gimbal reading 


gimbal readings 


If a fine resolver 


of the error telemetry 


was erroneously com- 


pared with a fine resolver reading instead of the proper comparison of 


two successive fine resolver readings. 
the initiation of the once per 100 
time of the minor loop interrupt. 
interrupt during a particular six 


second data c 


Further investigation revealed 
ompression module at the 
The occurrence of the minor loop 
irstructien interval at the start of 


the data compression resulted in the replacement of the fine yaw gimbal 
reading by the backup yaw gimbal. Since the backup reading was rejected 
as unreasonable, the next fine gimbal reading was proper ly compared 

with the last reasonable fine gimbal reading and all subsequent reasonable- 
ness tests were passec. The possibility of a similar occurrence on sub- 
sequent missions has been eliminated by starting a read of the currently 
selected Z gimbal . ssolver (fine or backup) at the end of data compression. 


9.3.4 Second Boost Period 


The December 6 target objectives resulted in nearly constant-time-of- 
arrival trajectories across the launch window. Therefore the targeting 
parameters calculated in preparation for second burn defined a higher 
energy transfer orbit which compensated for the 2 hour 40 minute launch 
delay and enabled completion of the lunar landing and exploration on the 


originally planned timeline. 


Sequencing of restart preparations occurred as scheduled. T6 was ini- 
tiated at 10,978.6 seconds. Extra accelerometer telemetry was noted 
throughcut the second boost navigation periods. This is discussed in 
the following oaragraphs. 


Upon reinitiation of boost navigation at 10,971.4 seconds the extra ancl 
accelerometer readings, that should have been telemetered only from 

GRR to T +10, were reinitiated and continued throughout second boost - Ae 
navigation. This resulted from the extra accelerometer read modu le 

being queued in with the periodic processor at GRR and again at second 

boost initialize. The readinas were not stopped as in first boost, 

because there was no counterpart to the T +10 second cue during second 

boost. In previous flight programs the extra accelerometer readings 

were queued in separately after GRR and were not queued in again at 

second boost. A class II change effective with AS-512 reduced the 

priority of these accelercmeter readings and placed their start time 

at GRR. Tne only effect of this problem was a slight lengthening of the 

computation cycle during second boost but this was accounted for by the 

flight program without adverse results. Since no further missions ; 
with a S-IVB second burn are planned no procram changes are recommended os 
but documentation of the occurrence has been accomplished for future 

reference. 


IGM for the S-IVB second burn was implemented at 11 ,562.7 seconds 
(16 +584.1). Pitch, yaw and roll attitude angles for second burr 
are shown in Figure 9-6. 


Table 9-4 shows the terminal end conditions for the S-IVB second burn. 
Jesired values ave the telemetered target values and actual terminal 
values were obtained by linear forward extrapolation using a velocity 
bias Of {Yprg * 3-660 meters/second. 
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9.3.5 Post-TLI Period 


Post TLI guidance proceeded as expected. Table 9-5 presents the com- 
manded steering angles for some major events. 


Two lunar impact APS burns were commanded from Mission Control Center- 
Houston (MCC-H) at 21,735 seconds (6:02:15) and 39,754 (11:02:34), 
respectively. The first burn of 98 seconds duration was started at 

the commanded time of 22,200 seconds (6:10:00). The second burn was 
commanded to start at 40,500 seconds (1:15:00) with a duration of 102 
seconds. Both burns were properly implemented by the flight program 
with the desired attitude changes occurring upon acceptance of the 
Digital Command System (DCS) commands, ignition times and burn durations 
occurring as commanded. 


The three-axis tumble was started by a zero burn set of lunar impact 
commands beginning at 41,502 seconds. Changes of +31 degrees to pitch, 
yaw and roll were commanded establishing tumble rates, followed by 
Flight Control Computer power off "A" and “B® commands at 41,519 

seconds and 41,530 seconds, respectively. (Power off "A" and “B” 

switch selectors were issued at 41,521 and 41,532 seconds, respectively.) 


The telemetry subcarrier osciilator was commanded off by the flight 
program at 49,620 seconds after which no further telemetry data was 
available. 


9.4 NAVIGATION AND GUIDANCE SYSTEM COMPONENTS 


The navigation and guidance hardware satisfactorily supported the accom 
plishment of mission objectives. No anomalies were observed during the 
AS-512 flight. 


9.4.) ST-124M Stabilized Platform System 


The three gyro servo loops responded properly to all vehicle perturbations. 
Maximum deflection during the liftoff period was 0.3 degree on the Z 

gyro pickoff. As on previous vehicles the 5 Hz oscillation (0.2° peak- 
to-peak) occurred from S-IC CECO to S-IC OECO. 


The largest disturbance occurred at Spacecraft/IU separation when the 
X gyro pickoff deflected 0.8 degree, well within limits for proper 
control. 


The three accelerometer servo loops operated within previously experi- 
enced limits. Peak deflections of the accelerometer gyro pickoffs 
occurred during the heavy vehicle vibration period at liftoff. Maxi- 
mum excursions were a5 follows: 
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X 


Positive 2.5 deg. 
Negative 2.1 deg. 


9.4.2 Guidance Computer 
The LYDC and LVOA performed sa 


tisfactorily, and no hardware anomalies 


were observed during any phase of the AS-512 mission. 


0.17/0_16 
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SECTION 10 
CONTROL AND SEPARATION 


10.1 SUMMARY 


All control functions and separation events occurred as planned. Ergiae 
gimbal deflections were nominal and Auxiliary Propulsion System (APS) 
firings predictable threughout powered flight. All dynamics were within 
vehicle capability, and bending and slosh modes were adequately stabilized. 


The APS provided satisfactory orientation and stabilization during 
parking orbit and from Translunar Injection (TLI) through the S-I¥B/IU 
passive thermal contro] maneuver. APS propellant consumption for 
attitude control and propellant settling prior to the APS burn for lunar 
target impact was lower than the mean predicted requirements. 


All AS-512 separation sequences were performed as planned with no 
anomalies. Transients due to spacecraft separation, docking, and Lunar 
Module ejection appeared to be nominal. | | 


10.2 S-1C CONTROL SYSTEM EVALUATION 


—« 


10.2.1 Liftoff 


The liftoff tower clearance maneuve: occurred as planned. Table 10-1 
summarizes liftoff conditions and misalignments. 


10.2.2 Inflight Dynasics 


The AS-512 control system performed satisfactorily during S-IC boost. 
Jiasphere measurements indicate that the peak wind speed encountered 
was 45.1 meters/second at 12.2 kilometers altitude with an azimuth of 


The yaw wind component in both cases was 28.6 meters/second, which is 
near the 99 Percentile yaw wind component for Decesber (29.7 aeters/ 
second for a 90 degree launch azimuth). The pitch component was near 
SO percentile. The control system adequately stabilized the vehicle in 
this wind. About 12% of the available yas plane engine deflection was 
used in the region of the peak wind speed, and less than 10% was used 
in pitch (based on the average engine gimbal angles in pitch and yaw). 
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Table 10-1. AS-512 Misalignment and Liftoff Conditions Summary 


reovcreo so mmee [Uso 
PARAMETER ROLL PITCH YAW ROLL 


T 
-0.31 


















Thrust Misalignment. 
deg 


Center Engine Cant, 
deg 


Venicle Stacking and 
Pad Misalignment, 
deg 






Attitude Error at 
Holddawn Arm 
Release, deg 


Peak Soft Release 415,900 (93,500) 
Force Per Rod, 


n(Ibf) 

















5.4 M/S (10.5 Knots) 
at 161.5 Meters 
(530 Feet) at 335° 


19.55 WS (38 Knots) 
at 161.5 Meters 
(530 Feet) 


1.189 


Wind 





Thrust to Weight 





*patea not avai lable. 


Time histories of pitch and yaw contro} parameters are shown in Figures 
10-1 through 10-3, with peaks summarized in Table 10-2. Dynamics in the 
region between 0 and 40 seconds resulted srimarily fros guidance 


The attitude errors between liftoff and 20 seconds indicate that the 
equivalent thrust vector misalignments present before the outboard 
engines canted were -0.13, 0.11, and -0.04 degrees in pitch, yaw, and 
roll, respectively. After outboard engine cant the misalignments becase 
0.08, 0.06, and 0.01 degrees. The attitude error transients at center 
engine cutoff indicate that the center engine wisalignments were 0.02 
and 6.30 degrees in pitch and yaw. 
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Figure 10-3. Pitch Plane Dynamics During S-IC Burn 
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Figure 10-2. Yaw Plane Dynamics During S-IC Burn 
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Figure 10-3. Pitch and Yaw Plane Free Stream Angle of Attack 


During S-IC Burn 


Table 10-2. Maximum Contro] Parameters During S-1C Burn 


[Pion suane___| 


RANGE 
AMPLITUDE TIME 
(sec) 
















attitude Error’. eg 
Angular Race. deq/s 


Average Gima! Angie. 
arg 


angle of Attack. Jeg 


angle of Attack- 
Oynawic Pressure ., 
Product, aeg-N/cr* 
(deg-Ibf/ft*) 


Normal 
Acceleration. m/s? 
(¢t/s*) 


© Biases renoved 


All dynamics were within vehicle capability. The atticude errors 
reauired to trim out the effects of thrust unbalance, offset center of 
gravity, thrust vector misalignment, and control system misalignments 
were within predicted envelopes. The peak angles of attack in the 
maximum dynamic pressure region were 2.23 degrees in pitch and 4,45 
degrees in vaw. The peak average engine deflections required to trim 
out the aerodynamic moments in this region were 0.38 degree in pitch 
and 0.58 degree in yaw. No divergent bending or slosh dynamics were 
observed, indicating that both bending and slosh were adequately 
stabilized. Vehicle dynamics prior to S-IC/S-Il first plane separation 


were within staging requirements. 
10.3 S-I1 CONTROL SYSTEM EVALUATION 


The S-II stage attitude control system performance was satisfactory. 

The vehicle dynamics were within expectations at all times. The maxi- 
mum values of pitch parameters occurred in response “0 Iterative Guidance 
Mode (IGM) Phase I initiation. The maximum values of yaw and roll con- 
trol parameters occurred in response to S-IC/S-II separation conditions. 
The maximum control parameter values for the period of S-II burn are 
shown in Table 10-3. 


Between S-IC OECO and initiation of IGM Phase 1, commands were held 
constant. Significant events occurring during this interval were S-IC/ 
S-I1 separation, S-II stage J-2 engine start, second plane separation, 
and Launch Escape Tower (LET) jettison. Pitch and yaw dynamics during 


3a €£ 


Table 10-3. Maximum Control Parameters During S-IIf Burn 
Firemen [nu ame 
eo | eae | | ae 
(SEC) (SEC) (SEC) 
471 206 166 
a7l 204 
206 206 


this interval indicated adequate control stability as shown in Figures 
10-4 and 10-5, respectively. Steady state attitudes were achieved 
within 10 seconds from S-1C/S-II separation. 










Attitude Error, deg 








Angular Rate, deg/sec 


Ave-age Gimbal Angle. 
deg 


* Biases removed 


Flight and simulated data comparison, Figures .10-4 and 10-5, show 
agreement at those events of greatest control system activity. Differ- 
ences between the two can be accounted for largely by engine location 
misalignments, thrust vector misalignments, and uncertainties in engine 
thrust buildup characteristics. 


16.4 S-IVB CONTROL SYSTEM EVALUATION 


The S-IVB thrust vector contro] system provided satistactory pitch and 
yaw contro] during powered flight. The APS provided satisfactory rol} 
control during first and second burns. 


During S-IVB first and second burns, control system transients were 
experienced at S-I1/S-IVB separation, guidance initiation, Engine 
Mixture Ratio (MR) shift, terninal guidance mode, and S-IVB Engine Cut- 
off (ECO). These transients were exp2cted and were well within the 
capabilities of the control system. 


1¢.4.1 Control System Evaluation During First Burn 


S-IVB first burn pitch attitude error, angular rate, and actuator 
position are presented in Figure 10-6. First burn yaw plane dynamics 
are presented in Figure 10-7. The maximum attitude errors and rates 
occurred at IGM initiation. A summary of the first burn maximum values 
of critical flight control parameters is presented in Tabie 10-4. 
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The pitch and yaw effective thrust vector misalignments during first burn 
were 0.37 and -0.18 degrees, respectively. A steady state roll torque of 
7.4 Nem (5.4 Ibf-ft) counterclockrise looking forward required roll APS 
firings during first burn. The steady state roll torque experienced on 

- previous flights has ranged between 61.4 N-m (45.3 Ibf-ft) counterclockwise 
and 54.2 N-m (40.0 tbf-ft) clockwise. 


Propellant sloshing during first burn was observed on data obtained from 
the Propellant Utilization (PU) mass sensors. The propellant slosh did 
not have any noticeable effect on the operation of the attitude control 
sys tem. 
10.4.2 Control System Evaluation During Parking Orbit 

The APS provided satisfactory orientation and stabilization during parking 
orbit. Following S-IVB first ECO, the vehicle was maneuvered to the in- 
plane tocal horizontal, and the orbital pitch rate was established. The 
pitch attitude error and pitch angular rate for this maneuver are shown 

in Figure 10-8. Available data indicate that sloshing disturbances which 
caused venting of LOX on AS-510 were minimized on AS-512. The LOX ullage 
pressure remained below the relief setting throughout parking orbit. 
10.4.3 Control System Evaluation During Second Burn 

S-1YB second burn pitch attitude error, angular rate, and actuator position 
are presented in Figure 10-9. Second burn yaw plane dynamics are presented 
in Figure 10-10. The maximum attitude errors and rates occurred following 
guidance initiation. Transients were also observed as a result of the 
ditch and yaw attitude commands at the termination of the Artificial Tau 
guidance mode (27 seconds before ECO). 
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Figure 10-8. Pitch Plane Dynamics During Parking Orbit 


A summary of the second burn maximum flight control parameter values is 
presented in Table 10-5. 


Table 10-5. Maximum Control Parameters During S-IVB Second Burn 


Aactitude Error’, deg 
Awgular Rate, deg/s 





Mextem Giapal Angie, 


© Siases removed 


The pitch and yaw effective thrust vector misalignments early in second 
burn (prior to MR shift) were 0.36 and -0.16 degrees, respectively. 
Following the MR shift the misalignments were 0.50 and -0.24 for pitch 
and yaw, respectively. Tne steady state roll] torque during second burn 
was essentially zero as minimum impulse firings were observed at alter- 
nating sides of the roll deadband. 


Normal oropellant sloshing during second burn was observed on data 
obtained from the PU mass sensors. The slosh activity did not have any 
noticeable effect on the operation of the Attitude Control System. 
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10.4.4 Control System Evaluat:on After S-1¥B Second Burn 


The APS provided satisfactory orientation and stabilization from Trans- 
lunar Injection (TLI) through the S-1VB/I1U Passive Thermal Control (PTC) 
maneuver [Three-Axis Tumble Maneuver}. Each of the planned maneuvers 
was performed satisfactorily. 


Significant events related to translunar coast attitude control were 

tne maneuver to the in-plane local horizontal following second burn 

cutoff, the maneuver to the Transportation Docking and Ejection (TO&E) 
attitude, spacecraft separation, spacecraft docking, lunar module extraction, 
the maneuver to the evasive ullage burn attitude, the maneuver to the LOX eo 
-. dump attitude, the maneuver to the optimum lunar impact ullage burn atti- 4 
tude, the maneuver to the solar heating control] attitude, the maneuver to 

the vernier lunar impact ullage burn attitude, and the PTC maneuver. 


The pitch attitude error and ancsl2r rate for events during which 


- telemetry.data were available are shown in Figure 10-11. 


Following S-1VB second cutoff, the vehicle was maneuvered to the in-plane 
local horizontal at 12,059 seconds ( (03:20:59) (through approximately 
-19.4 degrees in pitch and -0.2 degree in yaw), and an orbital pitch rate 
was establisned. At 12,809 seconds (03:33:29), the vehicle was commanded 
to maneuver to the seoaration TDSE attitude (through approximately 120, 40 
and -180 degrees in pitch, yaw and roll, respectively). 


Spacecraft separation, which occurred at 13,347 seconds (03:42:27), 
appeared nominal, as indicated Sy the relatively small disturbances 
induced on the S-IVB. 


Disturbances during spacecraft docking, which occurred at 14,231 seconds 

(03:57:11), were less than on previous flights. Docking disturbances 

required 2,160 ‘-sec (485 Ibf-sec) of impulse from Module 1 and 1,160 N-sec 

(261 Ibf-sec) of impulse from Module 2. The largest docking disturbances 

on previous flights occurred on AS-510 and required 3,480 N-sec (783 Ibf- 

sec) of impulse from Module 1 and 3,040 N-sec (683 1bf-sec) of impulse 

from Module 2. Lunar module extraction occurred at 17,102 seconds Se 
(04:45:02) with nominal disturbances. _ 


At 17,520 seconds (04:52:00) a yaw maneuver from 40.3 degrees (TDSE 
attitude) to -40.0 degrees was initiated to attain the desired attitude 
for the evasive ullage burn. At 18,183 seconds (05:03:01) the APS 
ullage engines were cosmanded on for 8 seconds to provide the necessary 
separation distance between the S-I¥B and spacecraft. 


The maneuver to the LOX dump attitude was performed at 18,760 seconds 
(05:12:40). This was 4 two-axis maneuver with pitch commanded from 179.5 
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Fiqure 10-11. 


to 190.0-dearees and yaw from -40 to -19 degrees referenced to the in- 
plane local horizontal. LOX dump occurred at 19,460 seconds (04:24:20) 
and lasted for 48 seconds. 


At 21,735 seconds (06:02:15) a ground command was received to perform a 
‘maneuver to the desired attitude for the APS ullage burn for lunar target 
impact. This was also a two-axig maneuver and resulted in a pitch 
maneuver change from 190.0 to 248.0 degrees and a yaw attitude maneuver 
change from -19.0 to -23.U degrees referenced to the in-plane local 
horizontal. At 22,200 seconds (06:10:00) the APS ullage engines were 
commanded on for 98 seconds to provide delta velocity for lunar target 
impact. e eee ay See 


At 22,664 seconds (06:17:44) a ground command was received to perform a 
maneuver to the solar heating attitude to assure proper solar heating 
conditions. This was a single-axis pitch maneuver and resulted in a 
pitch maneuver change - from~248.0-: to 161.0 degrees referenced to the in- 
plane local horizontal. 


At 39,760 seconds (11:02:40) a ground command was received to perform a 
maneuver to the desired attitude for the second lunar impact APS ullage 
burn. This maneuver was a two-axis maneuver and resulted in a pitch 
maneuver change from 161.0 to 121.0 degrees and a yaw attitude maneuver 
change from -23.0 to -11 degrees referenced to the in-olane local 
horizontal. At 40,500 seconds (11:15:00) the APS ullage engines were 
commanded on for 102 seconds to provide delta velocity for a more 
accurate lunar target impact. 


The command to initiute the PTC maneuver was received at 41,510 seconds 
(11:31:50). This maneuver consisted of commanding the vehicle +31 
degrees in the pitch, yaw and roll axis. After vehicle angular rates 
of approximately -0.3 degree/second pitch, -0.3 degree/second yaw, 

and 9.6 degree/second roll were established, a ground command was 
received (Flicht Control Computer Power Off B) at 41,532.5 (11:32:12.5) 
to inhibit the IU Flight Control Computer leaving the vehicle in a 
three-axis tumble mode. 


APS propellant consumptior for attitude control] and propellant settling 
prior to the APS burn for lunar target impact was lower than the mean 
predicted requirements. The total propellant (fuel and oxidizer) used 
prior to the first ullage burn for lunar target impact delta velocity was 
51.8 kilograms (114.2 tbm) and 52.9 kilograms (116.7 Ibm) for Modules | 
and 2, respectively. This was approximately 35 percent of the total 
available propellant in each module (approximately 147 kilograms [330 
Ibm]). APS propellant c-nsumption is tabulated in Section 7, Table 7-4. 


CP. er 


10.5 INSTRUMENT UP IT CONTROL COMPONENTS EVALUATION 


The control subsystem performed properly throughout the AS-512 mission. 
Al] ST-124M Stabilized Platform Subsystem (SPS) factors remained within 
previously experienced limits. ~ The eauipment temperatures increased as 
i. when the water sublimator operation was inhibited (Section 
14.4.1). | a se | 


19.5.1 Gimbal Ancle Resolvers 


Proper vehicle attitude was indicated by the gimbal angle resolvers 
until the PTC maneuve WAS snitiated at approximately 41,500 seconds. 
As on AS-511] the posi. ~ yaw gimbal] mechanical stop was contacted for 
short periods of time. nis was expected. No vehicle perturbation or 
nardware failure was ey,dent as a result of the contacts. 


— + - - = thew -- - 


10.5.2 . ST-124M Power Supplies 


All power parameters were within specification limits. Deviation from 
nominal occurred while the water sublimator operation was inhibited. 

The 4.8 KHz voltage increased while the 400 Hz voltaae decreased, but in 
each case no specification limit was exceeded. 


10.6 SEPARATION 
10.6.1 S-IC/S-II Separation 


The AS-512 S-IC/S-II stages separated as planned with no known anomalies. 
Clearance distance between the stages was approxiamtely 2.4 meters {eight 
feet) more than required at S-II Enaine Start Command (ESC) as shown in 


Fiaure 10-12. Separation distance was approximately 15.2 meters (50 feet) 
at J-2 engines main propellant ignition. 


Durina the first ™ “* separation period (160 to 166 seconds), the maxi- 


mum roll attit and angular rate were approximately -2.7 degrees 
and +2.5 ~ ‘cond, respectively. Maximum pitch and yaw atti- 
tude - nd -0.7 degrees, respectively. Corresponding 


may? rates at this time were -0.2 and -0.1] degrees per 
q , 


- 


3nd Plane Separation 


-.ane separation was performed as planned. No sianificant tran- 
acs in vehicle attitudes or rates were identified that would have 
caused this separation to be other than nominal. 
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Figure 10-12. AS-512 S-IC/S-1i Separation Distance 


10.6.3 S-II/S-IVB Separation 


Nominal accelerations were observed on the flight vehicle during the 
S-11/S-IVB separation. Vehicle dynamics were as credicted and wel] 
within staging limits. 


10.6.4 CSM Separation 


At 12,810 seconds (03:33:30) a maneuver to the TD&SE attitude was 
initiated cto assure proper lighting and communication conditions for 
spacecraft separation, docking, and lunar module ejection. The 
vehicle was commanded to pitch 120 degrees, yaw 40 degrees, and roll 
-180 degrees. This attitude was held inertial ly until the beginning 
of the evasive maneuver. The vehicle motion during the maneuver was 
close to predicted with maximum vehicie rates of 0.75 deg/sec, 0.95 
deg/sec, and -0.80 deg/sec in the pitch, yaw, and rol} axes, 
respectively. 


Transients due to spacecraft separation at approximately 13,348 seconds 
(03:42:28) appeared nominal. Separation disturbances caused five APS 
Module 1 pitch firings within 10 seconds following separation. A 
negative roll disturbance was controtled by 6 roll firings within 15 
seconds following separation. 


All attituce errors remained within the | cegree deadband during the 
separation process. 


SECTION 11 
ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM 


+ - - 


1.) SUMMARY 


The AS-5i2 launch vehicle electrical systems and Emergency Detection 
System (EDS) performed satisfactorily throughout the required period 

of flight. However, the temperature of the S-IYB Aft Battery No. 1, 

Unit No. 1, increased significantly above the nominal contro) limit (90°F) 
at approximately 9 hours due to malfunction of the primary heater control 
system. Operation of the Aft Battery NO. 1 remained nominal as did 
operation of all other batteries, power supplies, inverters, Exploding 
Bridge Wire (EBW) firing units, and switch selectors. 


11.2 S-1C STAGE ELECTRICAL SYSTEM 


The S-IC stage electrica: syst m performance was satisfactorv. Battery 
voltages were within performance limits of 26.5 to 32.0 V du ing powered 
flight. The battery currents were near predicted and beiow the maximum 
limits of 50 amperes for each battery. Battcry power consumption was 
within the rated capacity of each battery, as shown in Table 11-1, but 
exceeded predictions due to range safety system loads during the launch 
delay. 


Taple 11-1. S-IC Stage satte.y Power Consumption 








POWER CONSUMPT I0N* 






PERCENT 
OF 
CAPACITY 


RATED 
CAPACITY 
(AMP-HR) 










BATTERY 











Operationa! 


Instrumentation 


*Battery power consumptions were calculated from the initial power 
transfer (T-50 seconds) until S-IC/S-II separation and include energy 
used during the first countdown sequence prior to the hold including 
range safety consumption. 


were wichin the required 53 +0.95 + 


fhe bro measuring power supplies 
limiz during power flight. All switch selector channels furcticned 35 


commanded by the Instrument Unit {1u) and were within required time limits. 


The separation and retronotor tow firing units were armed ana triggered as 
prograrmec. Charging time and voltage characteristics were within per- 


formance jimits. 


The range safety command system few firing units were in the required 
state-of-readiness for vwenicle destruct, nad it been necessary. 


11.3 Co1] STAGE ELECTRICAL SYSTEM 


rical syste performed satisfactorily. All battery 
ained within speci fied limits through the prelaunch 
and flight .ericds. ‘Bus currents -also remained within predicted limits. 
“ain bus current averaged 30 amperes during S-IC So00st ard varied from 45 


to SO amperes curing S-l1I doost. Instrumentation bus current averaged 
bus current averaged 


The S-I! stage elect 
and bus voltages rea 


22 amperes during S-1C and S-II beost. Recirculation 
27 apoeres during $-1C boost. Ignition bus current averaged 30 amperes 
during the S-II ignition sequence. -—- = to 


nal battery load orior to 
additional time on inter- 
drain of 0.16 


The first countdown sequence produced an addi tio 


Terainal Countdown Sequencer (7CS) cutoff. The 
er was 20 seconds which resulted in an additional 


nal pon 

aaoere-hours for the Main Battery, 0.33 ampere-hours for Instrumentation 

Battery and 0.48 ampere-hours for the combination of Recirculation and 
on voltage drop anomaly which occurred 


Ignition batteries. The ignitf 
during AS-511 did not reappear on this flight. 


Battery power consumption was within the rated capacity of each battery, 


as shown in Table lie2. 


Instrumentation 
aecircutation 61 
Recirculation 2 


fens wore calculated fren act ivet 1 
ade 6.5 to 6.9 





There was no indication in flight of a performance degradation occurrence nce 
vith the countdown long term open circuit voltage decay of forward se 
battery No. 2 reported in Section 3.2.3. ace 


All switch selector channels functioned as commanded Sy the IU and were 
within accertable limits. The LH2 recirculation pump inverters per- 
formed satisfactorily. - 7 : i 


Performance of the E2W circuitry for the separation systems was satisfactory. 
The charae and discharge responses were within predicted time and 

voltage limits. The ranoe safety command system EBW firing units were 

in the reouired state-of-readiness for vehicle destruct, had it been “pe 
necessary. 8 — | << 


11.4 S-IVB STAGE ELECTRICAL SYSTEM a 
11.4.1 Summary 


The S-IVB staae electricai system performance was satisfactory. The 

battery voltages and currents remained within the normal range beyond 

their mission reauirements. Battery temperatures were normal except for 
the temperature of the Aft Battery No. 1, Unit No. 1 which increased 

significantly above the cutoff limit of the primary heater control ee 
system at approximately 9 hours. Sattery voltage and current plots are oO 
shown in Figures 11-1 through 11-4 and battery power consumption and mn 
capacity for each battery are shown in Table 11-3. There was no recurrence ~ 
of forward Battery Mo. 2 early depletion that occurred during AS-510 . 
and AS-511. | E 


The three 5 V and seven 20 V excitation modules al] performed within oo 
accentable limits. The LOX and LH2 chilldown inverters performed i 
satisfactorily. =s 


All switch selector channels functfonal properly and all outputs were os 
issued within reouired time limits. 


Performance of the £8W circuitry for the separation system was satisfactory. a re! 
The charce and discharce responses of the firing units were within | 
oredicted time and voltage limits. The cosmand destruct firing units * 
were in the required state-of-readiness for vehicle destruct, had it 
been necessary. 


11.4.2 S-I¥B Aft Battery No. 1, Unit No. 1, Temperature Increase 


The temperature of the S-IVB Aft Battery No. 1, Unit Mo. I, increased 
significantly above the nominal cutoff limit (90°F) of the primary heater oe 
control] syste at approximately 9.0 hours (see Figure 11-5). The tem- << 
perature of Unit No. 1 continued to increase until the high temperature =o 
backup thermostat deenergized the heater at approximately 120°F (see Figure | - 
11-6). The temperature then decayed to approximately 87°F at which point r 
the heater was energized. Since the high temperature thermostat has a 

small temperature deadband and the heater did not cycle around the high 
temperature thermostat contro! point, temperature contro! of Unit No. | ke 
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Figure 11-8. S-1VB Aft Battery No. 1 Date 


“aple 11-3. S-ifS Stage Setiery Power Cors metion 





°From Ditlery activation wntil end of data {at 48,685. seconds). 


eefron battery activation until battery woltage cecaytd de low 
26.5 volts (at 3.412 seconds). 7 


socerentiy hac reverted deck to the heater controller. (prigary sys tan). 
Sussequentiy, she ceater controller again failed to turn the heater off 
at 72°F arc the terperature agaif increased. hts temperature sequence 
wat receated util termination of S18 cata. Sattery cutest voltage, 
current and the tenperature of Aft Battery Xo. 1, Unit fo. 2 renained 
nomiral curing this increased temperature cycling. 


Fvaluation of cats icdicates ist She heater poser transistor expert enced 
theres! runassy wn.never energized by The heater controller. This 
faiiure condition wes apperentiy self-correcting wmen neater SOuer wat 
\aterrupted by the niga tesperature thersostat. Therefore, ia th 
failure mode, the heater was energized aormally by the eater controller 
and (ved by the bectup high temperature thermostat. The sost 
lthely failure mode for this snomely has Seen established as a therus! 
romay of the power transistor. Laboratory cheresa! rwunsuay tests 

nave stmmleted the fifgnt failure. Past history hes {(adicated soor 
iesterletion of trsasistor nest sink wosld cause therusl rumessy. 
Jesoection cf west sick fastalletion hes Seen initiated to assure 
proper west 3‘ek mounting fastener torque. Further corrective action 

ig ret considered necessary Cue to the oresence of 2 tectep costro! pro- 
vided by tre thermostat. This (tem is considered closed. 


14.5 SUSTMUMENT WNIT ELECTRICAL SYSTEM 


Tre 10 electrical systes functioned sormally. All bettery voltages 
remaited within performesce lt#its of 26 to 30 ¥. The dbettery tenperature 
gad covrest surieg power fiigat urre eostas!. ‘Tenperature iacresses 

were experienced Gurieg the ianibiting cf the Theruel Cond it toning 

System (7CS) seter velve ia 8 closed position et 20,9968 seconds (reference 
pareqrece 14.4.1) es expected. Gattery nodrt ak currests and tan 
serstures are steam fe Figures 11-7 throsgh 11-10. Settery poser cos- 
samotion eed capecity for eech battery ere shows in Table 11-4. 
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Figure 11-6. S-118 Aft Battery Bo. 1 Unit Yo. 1 Heater Control Circuit 
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ooThe poue iag at 
treasponder, red by the 020 battery, was operat” 
eae eat tapect which eccurreé st 313,181 eee pat Sod eons ee 
Poser ion patil S-1¥8/10 lenar fepect was ceicelé based 
equine! cperetios. 


ecofron fiasl gouer tramfer watt! battery voltage decayed pelos 26.0 
solts at £5,000 seconds (12.5 sours). 
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The current sharing of the 6D10 and 6030 batter? 


es, to provide redundant 


power to the ST-124, was satisfactory throughout the flight.- Current 
charing reached a maximum of 23 amperes (6D10 and 26 amperes (6030) 


compared to an average of 20 amperes (6010) and 
during S-IC burn (see Figures 11-7 and 11-9). 


The 56 volt power supply maintained an output vo 


24 amperes (6030) 


ltage of 56.2-t0 56.6 V 


which is well within the required tolerance of 56 +2.5 volts. 


The 5 volt measuring power supply performed nomi 
constant voltage within specified tolerances. 


The switch selector, electrical distributors and 
formed nominally. 


13.6 SATURN V EMERGENCY DETECTION SYSTEM (E 


The performance of the AS-512 EDS was normal and 
exceeded. All switch selector events associated 
are available were issued at the nominal times. 
for EDS events also functioned normally. The pe 
OK pressure switches and associated voting logic 
status, was nominal insofar as EDS operation was 
ullage pressures remained below the abort }-mits 
crew were normal. 


nally, maintaining 2 


network cabling per- --- = > 


DS) 


no abort limits. were - - 
with EOS for which data 
The discrete indications 
rformance of all thrust 

, which monitors engine 
concerned. S-IVB tank 
. EDS displays to the 


The maximum dynamic pressure difference sensed by the Q-ball was 1.2 


psid at 88.0 seconds. This pressure was only 37 
abort limit of 3.2 psid. 


.5 percent of the EDS 


As noted in Section 19, none of the rate gyros gave any indication cf 


angular overrate in the pitch, yaw, or roll axis 
rates were well below the abort limits. 


. The maximum angular 


. — + 


SECTION 12 
VEHICLE PRESSURE ENVIRONMENT 


— | 
12.1 SUMMARY i 
Tne S-IC base pressure environments were consistent with trends and 
magnitudes observed on previous flights. The S-II base pressure 7 
environments were consistent with trends seen on previous flights, 
although the magnitudes were higher than seen on previous flights. 

Tne pressure environment during S-IC/S-II separation was well below =---"~ 

maximum allowable values. 


12.2 BASE PRESSURES 
12.2.3 S-IC Base Pressures 


she S-IC base heat shield was instrumented with two differential 
'snternal minus external) pressure transducers. The data recorded 
by both instruments, 0046-106 and 0047-106, are in good agreement 
with previous flight data in both trends and magnitudes. A maximum 


differential pressure of 0.12 psi occurred at an altitude of 6.0 nmi. © © 7 CUT 


12.2.2 S-II Base Pressures 


Figure 12-] shows the AS-512 post-flight heat shield forward face 
pressure data. The heat shield forward face pressure transducer 
(0150-206) provided no useful data during S-II mainstage. Post-flight 
analysis, using semi-empirical correlations based on 1/25 scale model 
hot flow test results, indicated that the S-II-12 heat shield forward 
face pressures were within the previous flight data band. 


she thrust cone post flight reconstruction is shown in Figure 12-2. 
she thrust cone p.essure transducer (D187-206) provided no useful 
data during S-I1 mainstage. Post-flight analysis based on the semi- 
empirical correlations mentioned above indicates higher thrust 

cone pressures, prior to interstage separation, than previous 

flight data. 


The heat shield aft face pressures, shown in Figure 12-3, were 
higher than those seen on previous flights. 


“he higher pressures in the S-1I-12 base region as indicated by 
post-flight analysis and measured flight data, are attributed to fur 
rurther inboard deflections of the engines than on previous flights. 
<ffective with AS-510, the S-II engine precant angle was reduced 
f-om 1.8° to 9.6°. Since base pressures result from reverse flow 
of the engine exhaust gases, 4 further inboard deflection would 
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Figure 12-3. S-II Heat Shield Aft Face Pressure 


cause higher pressures in the base region. 

12.3 S-IC/S-11 SEPARATION PRESSURES 

Details of the S-IC/S-I1 separation are presented in Section 10.6. 

At main propellant ignition, the separation distance was over 50 feet, 


and over 100 feet at 90% thrust; consequently the pressure environment 
during S-IC/S-II separation was well below maximum allowable values. 
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SECTION 13 
VEHICLE THERMAL ENVIRONMENT 


13.1 SUMMARY 


The AS-512 S-IC base region thermal environments exhibited trends and BOO Te 
magnitudes similar to those seen on previous flights, except that the 

ambient temperature under engine No. 1 cocoon showed an unexpected 

rise that peaked at about 50 seconds. 


The base thermal environments on the S-II stage were consistent with = 
the trends and magnitudes seen on previous flights and were well below 
design limits. 


Aerodynamic heating environments and S-IVB base thermal environments 
were not measured on AS-512. 


13.2 S-IC BASE HEATING 


Thermal environments in the base region of the S-IC stage were recorded 
by two total calorimeters, C0026-106 and C0149-106, and two gas tem- 


perature probes, CO050-106 and C0052-106, which were located on the BS he eee = 


aft heat shield. The sensing surfaces of the total calorimeters were 
mounted flush with the aft shield surface. The base gas temperature 
sensing surfaces were mounted at distances aft of the heat shield 

surface of 0.25 inch (C0050-1N6) and 2.50 inches (C0052-106). In general, 
the AS-512 data was in good agreement with previous flight data in both 
trends and magnitudes. Typical base thermal data, total heating rates 
recorded by C0026-106, are presented in Figure 13-1 and compared to 

data from the AS-511 flight, The maximum recorded total heating rate 

was approximately 17 Btu/ft2-s and occurred at an altitude of 11.5 

n mi. 


The ambient temperature measurement (C242-101) under Engine No. 1 cocoon 
showed an unexpected rise starting soon after liftoff and peaking at 
about 50 seconds (see Figure 13-2). Following the peak, the temperature 
returned to a normal level at about 100 seconds, and remained similar 

to cocoon temperature levels for the other engines. The peak temperature 
at 50 seconds was approximately 13°C above the upper band experienced 
during previous flights. : 


pnetagtrnad en * 


There are two possible causes for this anomaly: 


1. The first possibility is that hot gas from the Gas Generator 
(GG) may have leaked through the 6G drain port. This port 
is plugged in flight and opened only during ground operations. 
Leakage past the plug has occurred in the past during low | 
pressure ground checkout. The temperature sensor is located in 4 


13-1 


ae 


the vicinity of the GG drain port and a leak of about 0.003 Ib/sec 
would propagate enough hot gas under the cocoon to cause such a 
temperature rise. A leak of such small magnitude would tend to 

be self-sealing due to the deposition of hydrocarbon solids from 
the fuel-rich GG combustion gases. This could explain why the 
temperature reading returned to the normal level. 


2. The second possibi tity ig a temporary loss of cocoon insulation eee 
integrity (possible loose combustion drain access cover) which later 
corrected itself, allowing the instrument to return to the normal 
temperature level. The temperature rise was coincident with the 
normal rise in base heating rate which peaks at about 50 seconds as 
shown in Figure 13-1. A loss of cocoon insulation integrity would A ie engine Ae 
show up in a temperature rise. However, the loss of cocoon insula- 
tion integrity would have to have been temporary because the tem- 
perature rise did not recur when the base heating rate peaked the 
second time at about 110 seconds (a normal occurrence). Base 
heating rates and temperatures do not show any unusual excursions 
during S-IC flight, indicating normal gas flow in the base region. = 2 te See 


Special attention will be given during prelaunch operations to inspection 
of the GG plug and cocoon access covers. 


13.3 S-II BASE HEATING 


Figure 13-3 shows the AS-512 flight heat shield aft face total heat rate 

history. The fliaht data falls well within the data band of orevious flights 

except at Center Engine Cutoff (CECO) when the heating rates were 

equal to the previously recorded peak value of 3.2 Btu/ft2-s. | 
t 


recovery temperature probe indicated output are shown in Figure 13-4. 
The corresponding data band of the AS-503 through AS-511 flights is 
included for comparison. 


Figure 13-5 shows the AS-512 flight and post-flight analytical values 

of the radiometer indicated radiative heat flux to the heat shield aft 
surface. Also shown is the post-flight analytical value of the actual 
incident radiative heat flux at the same location. The discrepancy 
between the radiometer indicated value and the incident heat flux is 

due to the heating of the radiometer quartz window by convection and 
long-wave plume radiation. Consequently, the radiometer sensor receives 
additional heat from the quartz window by radiation and convection 
across the air gap between the window and the sensor. This explains 

the apparently slow radiometer response at engine start, CECO, Engine 
Mixture Ratio (EMR) shift and at engine cut-off. Figure 13-5 shows 
that the actual {incident radiative heat flux prior to CECO is about 

30% less than the radiometer indicated yalue. The post-flight ana- | 
lytical history of the radiometer output is in good agreement with : 
the flight radiometer output history. a 


The AS-512 flight and the post-flight analytical value of the gas | 


ae tee ef 


& 
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There were no structural temperature measurements on the base heat shield 
and only three thrust cone forward surface temperature measurements in 
the entire base region. In order to evaluate the structural] temperatures 
experienced on the aft surface of the heat shield, a maximum post-flight 
predicted temperature was determined for the aft surface using maximum 
post-flight predicted base heating rates for the AS-512 flight. The 
predicted maximum post-flight temperature was 794°K (969°F) and com- 
pares favorably with maximum post-flight temperatures predicted for 
previous flights, and was well below the maximum design temperatures 

of 1066°K (1460°F) for no engine out and 1178°K (1550°F) for one contro] 
engine out. The effectiveness of the heat shield and flexible curtains 
as a thermal protection system was again demonstrated on this flight 

as on previous flights by the relatively low temperatures recorded on 

the thrust cone forward surface. The maximum measured temperature on 
AS-512 by any of the three thrust cone forward surface temperature 
measurements was 260°K (9°F), which also compares favorably with data 
recorded on previous flights. The measured temperatures were well below 
design values. 


13.4 VEHICLE AEROHEATING THERMAL ENVIRONMENT 


Aerodynamic heating environments were not measured on the AS-512 S-IC 
stage. Due to the similarity in the trajectory, the aerodynamic heating 
environments are believed to be approximately the same as previous flight 
environments. Because of the nighttime launch, ground optical data 

from Melbourne Beach and Ponce de Leon cameras do not have sufficient 
clarity to define the flow separation point on the S-IC stage, but it is 
expected that the data would be similar to previous flights. 


13.5 S-IC/S-I1 SEPARATION THERMAL ENVIRONMENT 


Since the AS-512 S-IC/S-II separation was normal, the heat input to the 
S-IC LOX tank dome is assumed to be near nominal. 


There were no environmental measurements in this area on the flight 


vehicle but nothing has been observed in related flight data to indicate 
anything other than a normal environment. 
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Figure 13-1. S-IC Base Region Total Heating Rate 


emnenrevm AS-512 FLIGHT DATA 
——= == PREVIOUS FLIGHT 





Figure 13-2. S-IC Ambient Gas Temperature Under Engine Cocoon 
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SECTION 14 
ENVIRONMENTAL CONTROL SYSTEM 


14.1 SUMMARY 


The S-IC stage forward compartment thermal environment was adequately 
maintained although the temperature was lower than experienced duving 
previous flights. The S-IC stage aft compartment environmental condi- 
tioning system performed satisfactorily. 


The S-II stage engine compartment conditioning system maintained the 
ambient temperature and thrust cone surface temperatures within design 
ranges throughout the launch countdown. No equipment container tempera- 
ture measurements were taken; however, since the external temperatures 
were satisfactory and there were no problems with the equipment in the 
containers, the thermal contro] system apparently performed adequately. 


The IU stage Environmental Control System (ECS) exhibited satisfactory 
performance for the duration of the IU mission. Coolant temperatures, 
pressures, and flowrates were continuously maintained within the required 
ranges and design limits. At 20,998 seconds the water valve logic was 
purposely inhibited (with the valve closed). Subsequent temperature in- 
creases were as predicted for this condition. 


14.2 S-IC ENVIRONMENTAL CONTROL 


The S-IC forward compartment pre-launch temperature reached a minimum of 
-92.2°F (C0206-120) at liftoff. This temperature was lower by approxi- 
mately 11°F than experienced during previous flights but well above the 
established minimum design criteria. These criteria, established by 
analysis and test, permit a minimum temperature at liftoff of -110°F 
after an 8 minute S-ITI stage J-2 engine chilldown or -170°F after a 13 
minute chilldown at the C0206-120 transducer location. 


Therefore, it was concluded that the critical components that are in the 
compartment were well above their minimum qualification limits. 


The aft compartment environmental conditioning system performed satis- 
factorily during countdown. After the initiation of LOX loading, the 
temperature in the vicinity of the battery (12K10) decreased to 65°F 
which is within the battery qualification limits of 35°F to 95°F. The 
temperature increased to 78°F at liftoff. 
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Just prior to liftoff, the other aft compartment temperatures ranged from 
77°F at measurement C0203-115 location to 86.9°F at measurement C0205-115 
location. During flight, the lowes. temperature recorded was 63.5°F at 
measurement C0203-115. 


14.3 S-I1 ENVIRONMENTAL CONTROL 


The engine compartment conditioning system maintained the ambient tempera- 
ture .nd thrust cone surface temperatures within design ranges throughout 
the launch countdown. The system also maintained an inert atmosphere 
within the compartment as evidenced by the absence of H2 or 02 indications 
on the hazardous gas monitor. 


No equipment container temperature measurements were taken. However, 
since the ambient measurements external to the containers were satis- 
factory and there were no problems with the equipment in the containers, 
it is assumed that the thermal control system performed adequately. 


14.4 IU ENVIRONMENTAL CONTROL 
14.4.1 Thermal Conditioning System (TCS) 


The 1U TCS performance was satisfactory throughout the IU mission. The 
temperature of the coolant as supplied to the IU thermal conditioning 
panels, S-iVB TGS, and IU internally cooled components was continuous ly 
maintained within the required limits of 45° to 68°F until approximately 
23,500 seconds, as si:own in Figure 14-1. The cootant temoerature 
exceeded the monitored temperature band (50° to 60°F) of measurement 
C15-601 due to the planned inhibition (valve closed) of the water valve. 
Sublimator performance during ascent is presented in Figure 14-2. The 
water valve orened initiaily at approximately 180 seconds as commanded , 
allowing water to flow to the sublimator. Significanz cooling by the 
sublimator was evident at approximately 530 seconds at which time the 
temperature of the coolant began to rapidly decrease. At the first 
thermal switch sampling, (480 seconds) the coolant temperature was above 
the thermal switch activation point; hence the water valve remained open. 
At the second therma? switch sampling (780 seconds), tne coolant tempera- 
ture was below the actuation point, and the water valve closed. 


Sublimator cooling was nominal as evidenced by normal coolant temperature 
(C15-601) cycling through approximately 21,000 seconds. Following water 
valve closure at 19,050 seconds the water line pressure indication, 
measurement 043-601, leveled off at about 1.4 psia rather tnan continu- 
ously decreasing to zero as 4s normally expected during the sublimator 
drying out cycle. The indicated pressure remained at this level until 
about 27,000 seconds, at which time the indicated pressure did begin a 
gradual decrease to zero (Figure 14-1). This same general condition has 
occurred on a number of previous missions and is due to either water 
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IU TCS Coolant Control Parameters 
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RANGE TIME, HOURS : MINUTES: SECONDS 


IU Sublimator Performance During Ascent 


Figure 14-2. 


freeze-up in the pressure pick up line, or icing at the pressure trans- 
ducer resulting in the diaphragm of the transducer locking in a fixed 
position. The latter condition is thought to be the case, though in 
either event system performance is unaffected, and the true pressure in 
the water supply line decays nominally. 


At 20,998 seconds, the Launch Vehicle Digital Computer (LVDC) logic con- 
trolling water valve operation was inhibited by ground command with the 
valve closed. The purpose of this event was to eliminate sublimator vent- 
ing during the lunar impact course correction and tracking period between 
APS-1 and APS-2 burns. (It had been conjectured from previous mission 
performance that water vapor venting from the sublimator contributed sig- 
nificantly to unplanned velocity changes, causing degradation in lunar 
impact accuracy.) The water valve remained closed and the sublimator 
inoperative until the valve inhibition was removed by ground command at 
41,553 seconds, after the FCC was shutdown. Within this period of no active 
cooling, component and coolant fluid temperatures increased at rates within 
the conservative predictions. When the valve opened the sublimator quickly 
achieved a high level of heat rejection as evidenced by the rapid decrease 
in component temperatures (Figure 14-3). Within twenty minutes after sub- 
limator restart coolant temperatures had returned to normal operating 
ranges. The water valve, however, was allowed to remain in the open 
position. All component temperatures remained within their expected 

ranges for the duration of the IU mission except for the period of time 

the water valve was commanded closed. The sublimator restarted in a timely 
fashion, with a high tevel of heat dissipation as expected. 


The TCS hydraulic performance was nominal as seen in Figure 14-4. The 
TCS sphere pressure decay was nominal as shown by Figure 14-5 and there 
was no evidence of any excess GN2 usage or leakage as was experienced on 
AS-511. 


14.4.2 Gas Bearing System Performance 


The Gas Bearing System (GBS) performance was nominal throughout the IU 
mission. Figure 14-6 shows ST-124 platform pressure differential (D11- 
603) and platform internal ambient pressure (D12-603). 


The GBS GN2 supply sphere pressure decay was as expected for the nomi na | 
case as shown in Figure 14-7. 


An attempt was made to evaluate the effects of residual IU venting during 
the period between APS-1 and APS-2 burns while the TCS water valve was 
commanded closed (water sublimator eliminated as a source of S-IVB/IU 
thrust). Platform GBS venting and the corresponding APS activity have 
been analyzed with regard to trajectory perturbations. Details of this 
analysis are presented in Section 17.3. 
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SECTION 15 
DATA SYSTEMS 


15.1 SUMMARY 


All data systems performed satisfactorily throughout the flight. Flight 
measurements from onboard teleetry were 99.8 percent reliable. 


Telemetry performance was normal except for noted problems. Radio Frequency 
(RF) propagation was satisfactory, though the usual interference due to 
flame effects and staging were experienced. Usable Ver High Frequency 
(VHF) data were received until 36,555 seconds (10:09:15). The Secure Range 
Safety Command Systems (SRSCS) on the S-IC, S-I1, and S-IVB stages were 
ready to perform their functions properly, on command, if flight conditions 
during launch phase had required destruct. The system properly safed 

the S-IVB destruct system on a command transmitted from Bermuda (BDA) at 
723.1 seconds. The performance of the Command and Communications System 
(CCS) was satisfactory from liftoff through lunar impact at 313,181 seconds 
(86:59:41). Madrid (MADX) and Goldstone (GDS) were receiving CCS signal 
carrier at lunar impact. Good tracking data were received from the 

C-Band radar, with BDA indicating final Loss of Signal (LOS) at 48,420 
seconds (13:27:00). 


In general, ground engineering camera coverage was good. 
15.2 VEHICLE MEASUREMENT EVALUATION 


The AS-512 launch vehicle had 1353 measurements scheduled for flight; 
four measurements were waived prior to start of the automatic countdown 
sequence leaving 1349 measurements active for flight. Three measure- 
ments failed during flight, resulting in an overall measurement system 
reliability of 99.8 percent. 


A summary of measurement reliability is presented in Table 15-1 for the 
total vehicle and for each stage. The waived measurements, failed measure- 
ments, partially failed measurements, and questionable measurements are 
listed by stage in Tables 15-2 and 15-3. None of these listed failures 

had any significant impact on postflight evaluation. 


15.3 AIRBORNE VHF TELEMETRY SYSTEMS EVALUATION 

Performance of the eight VHF telemetry links provided good data from 
liftoff until the vehicle exceeded each subsystem'’s range limitations, 
however, data dropouts occurred as indicated in Table 15-4. 


All inflight calibrations occurred as programmed and were witnin 
specifications. 
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Table 15-1. AS-512 Measurement Summary 


$-IC S-II S-1VB INSTRUMENT eae 
STAGE STAGE STAGE UNIT eae 


1353 
3 
0 
100.0 99.9 99.3 


Table 15-2. AS-512 Flight Measurements Waived Pricr to Flight 
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Data degradation and dropouts were experienced at various times during 
launch and earth orbit as on previous flights, due to the attenuation 
of RF signals. Signal attenuation was caused by S-IC stage flame 
effects, S-IC Center Engine Cutoff (CECO) and retro-rocket effects at 
S-IC/S-II separation. S-IC CECO resulted in intermittent data loss from 
140.65 to 142.80. The effects at S-IC/S-II separation lasted from 
162.0 to 163.5 seconds. The S-II stage second plane separation effects 
were apparent between 195.0 and 195.2 seconds. The maximum attentuation 
of the DPT signal was approximately 22 db at the Central Instrumentation 
Facility (CIF) and is similar to that experienced on prior flights with 
8 S-IC retro-rockets. 
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Table 15-4. AS-512 Launch Vehicle Telemetry Links 


FREQUENCY 
FM/ FIM 


256.2 


244.3 


PERIOO 


I 
(RANGE TIME, 


SEC) 


0 to 420.65 
0 to 420.65 


0 to 36,555 
0 to 36,955 
0 to 49,620 
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PERFORMANCE SUMMARY 


Satisfactory 
Data Dropouts 
Range Time (sec) Ouration (sec) 
140.6 2.2 
Satisfactory 
Data Dropouts 
Range Time (sec) Ovration (sec) 


162.0 1.5 
195.0 0.2 
Satisfactory 
Data Dropouts 
Range Time (sec) Ouration (sec) 
163.0 2.6 
Intermittent Data 
194.1 0.6 
Satisfactory 
Data Dropouts 


Range Time (sec) Ouration (sec) 
163.0 (0P-1) 1. 
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tne sag VHF signal was 36,555 seconds (10:09:15) at Ascension Island 
ACN). 


Hoya Aet eet 


The performance of S-IVB and IU VHF telemetry systems was normal during 
earth orbit, S-IVB second burn and final coast. A summary of available 
VHF telemetry coverage showing Acquisition of Signal (AOS) and LOS for 
each station is shown in Figure 15-1. 


pater ce 


15.4 C-BAND RADAR SYSTEM EVALUATION 
¥ 
a The C-Band radar performed satisfactorily during flight, although 
‘ several of the ground stations experienced problems with their equip- 
4 ment which caused some loss of signal. 
ty 
= Phase front disturbances were reported at Kennedy Space Center (KSC) 
é between 123 and 137 seconds, Grand Turk Island (Erk) between 560 and 
| 668 seconds, Grand Bahama Istand (GBI) between 340 and 357 seconds, and 


Patrick Air Force Base (PAFB) between 28 and 90 seconds. Phase front dis- 
turbances occur when the pointing information is erroneous as a result of 
sudden antenna nulls or distorted beacon returns. 


Carnarvon (CRO) experienced signal fade and dropout near Point of Closest 
Approach (PCA) during revolution 1, due to the high elevation and attendant 3 
high azimuth rates. 


The BDA FPS-16 site experienced data losses during boost (552 to 642 
seconds) and during the second revolution (3330 to 3366 seconds) because 
the vehicle look angles during these passes were such that the FPQ-6 
antenna obscured the EpS-16 antenna during these intervals. 


{ 
During revolution 3, Merritt Island Launch Area (MILA) reported the track- 
ing angles wandering over a wide area before PCA although there was no } 
evidence of beacon malfunction and the beacon was tracked from horizon 

to horizon. According to the Radar Operator Log, a cold front was passing 

through the area at the time and the operator suspected that temperature 
inversions were interfering with the tracking during that time. After PCA 

the tracking proceeded in a normal fashion. | 


The BDA FPQ-6 reported weak signals and intermittent track during the 
period between 41,760 seconds and final LOS (48,420 seconds) while the 
vehicle was tumbling. 


A summary of available C-Band radar coverage showing AQS and LOS for 
each station is shown in Figure 15-2. 


15.5 SECURE RANGE SAFETY COMMAND SYSTEMS EVALUATION 


Telemetered data indi cated that the command antennas, receivers/decoders, 
Exploding Bridge Wire (EBW) networks, and destruct controllers on each 
powered stage functioned properly during flight. They were in the 
required state-of-readiness if flight conditions during the launch had 
required vehicle destruct. Since no arm/cutoff or destruct commands 
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Figure 15-1. VHF Telemetry Acquisition and Loss Times 
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were required, all data except receiver signal strength remained 
unchanged during the flight. Power to the S-IVB stage range safety 
command systems was cutoff at 723.1 seconds by ground command, thereby 
deactivating (safing) the systems. 


15.6 COMMAND AND COMMUNICATIONS SYSTEM EVALUATION 
15.6.1] Summary of Performance 


The performance of the command section of the CCS was satisfactory. No 
flicht equipment malfunctions occurred during the flight. The phase 
lock periods from liftoff to Translunar Injection (TLI) for the downlink 
carrier are shown in Figure 15-3. Ground station coverage times from TL] 
through lunar impact are shown in Figure 15-4. 


Nineteen commands were initiated by Mission Control Center-Houston (MCC-H) 
and a total of 182 words were transmitted. Two words were not received by 
the onboard system because the uplink signal level was below the command 
threshold. These words were retransmitted and accepted. One command was 
retransmitted when a telemetry dropout precluded verification of acceptance 
by the transmitting ground station. These problems resulted from signal 
strength fluctuations (uplink and downlink) occurring during the solar 
heating maneuver. A list of commands initiated by MCC-H and the number 

of words transmitted for each command is shown in Table 15-5. 


15.6.2 Performance Analysis 


The first of the three commands required to accomplish the solar heating 
maneuver was transmitted unsuccessfully at 22,659 seconds (6:17:39) and 
caused the vehicle attitude to begin moving about the pitch axis. The 
changing vehicle attitude resulted in uplink and downlink signal strength 
fluctuations from 22,665 seconds (6:17:45) to 22,860 seconds (6:21:00). 
As a result of uplink signal strength fluctuations, the mode word of 

the solar heating command initiated at 22,667 seconds (6:17:47) was 

not received onboard. The uplink received signa] strength was down to 
-117 dbm and the 70 KHz subcarrier lost lock for 0.1 second at the time 
of word transmission. The mode ~ord was retransmitted and accepted. 


The solar heating command initiated at 22,677 seconds (6:17:57) was accepted 
onboard on the first transmission e~cept for the third data word which 

was accepted on the first retransmission. At the time this word was 

first transmitted, the onboard receiver signal strength had dropped to 
approximately 5 to 7 db below: command threshold. The command threshold 
measured at KSC was from -103 to -105 dbm. The momentary Tow signal 
strength levels are attributed to antenna nulls. 


Single word dumps were initiated at 22,749 seconds (6:19:09). Sixteen 
words were accepted by the vehicle. At the time the sixteenth word 

was transmitted, the grounc station lost telemetry lock for 0.25 

second and therefore did not detect the Address Verification Pulse (AVP) 
and Computer Release Putse (CRP) from the vehicle. Therefore, the 
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Figure 15-3. CCS Downlink Phase Lock Times (Liftoff to TLI} 
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Figure 15-4. CCS Coverage (TLI to Lunar Impact) 


15-10 


=~ oe. oe eo ee BP fr? TT 


_— =~ ome ee 


——~ a 2 


paqdaooy 
paydaooy 
paydsassy 
paydasoy 
paydascy 
paydascy 
paydesoy 
pazdascy 
paqydescy 
eeyPa2dadoy 
9 xP 99d909y 
apozdasoy 
paydasoy 
paqdadcy 
poydasdsy 
paydaocy 
paqdasoy 
paqdascy 
paqydssoy 


"sawtd € PazppwsueszZas SPM Q} OS 
QAyanad JOU PEP pue yO, 3804 AuQawWs[ 92 uoj3e3s punos6 


"UOLSSEWSURUZI QS1°, pazdeaooe 


“yop Sspusuerzar 3Sifz pazdaore ‘uopsspwsuesy ZSApZ UO P2ALIIBA YOU PUOM SPOWy 








oanmnn 
™N 
















n= oo ® 
- Od 























om oe om C2 DD CON 








*SNWUL 
Sa¥OM 
30 “ON 


Zig-Sy ‘A403S1H 


(2 3 
24 Sd¥ - 308d] 


2# Sd 
(¢ 30 dnoig 


(4 30 
l# SdV 


DALeA 4azeM UsdC 
€@ 330 Jam” D3 
V¥ 330 49M0d JI 


JILEIpPUT BLQuN] SPXV-E 


o dnoig) dung p.10m a1 6uis 
aeuny NI/SAI-s 


© yoedwy weuny NI/BAI-S 
) dung puom aj6uys 


azeu swiss 


(£4 30 dnouy) dung pom al6uys 


aaanguep GuyieayH 4e1 0S 
saanauew Bupqeay seLos 


aaanaueyw 6ujy3eaH AeLOS 
anoig) dung pion a1 6u4s 
- yoeduy seun) NI/BAI°S 
Ld Sd¥ - 22edwy seUN] NI/AAI-S 


eqpyus 24607 SALEA 4090M 


' 
t 


JaANaueW MEA BALSCAQ 


S7e;3;UT Sal 


J 






*piOM JEP 3S¥L BYyQ A0J SOS{Nd U0LZOI},,ASA 
wuMod JO SP40M OL LLVess 


*agaamoyu *pazdsozce spu 












99929922222222222 


ND 


& 
<< 


ap [om [Om 
*SNWUL 


pueumo) wezscs UopZeD;UNWWOD PUe PURO) “G-SL ALIPL 


*uOPSSpumsUueA, 7SApy UO PSAjaIa1 ZOU P4OM VIP P4tUlas 






ce:ze- 1 
60: 2E =U 
es lest 
iw test 
LZ? p02 
9¥:20° tl 
ve =20- U1 
82:02°9 
81°02:9 
60°61°9 





15-11 


ee er | 


ground station retransmitted the word 8 times. ‘After each retransmission 
the Launch Vehicle Digital Computer (LYDC) sent down an error message 
stating that the word received was out of sequence since it was expecting 
the seventeenth word. A terminate. command was transmitted at 22,818 seconds 
(6:20:18) to clear the onboard command circuitry and at the complete single 
word dump command was successfully retransmitted at 22,828 seconds (6:20:28). 


15.7 GROUND ENGINEERING CAMERAS 


In general, ground camera coverage was good. Thirty-three items were 
received from KSC and evaluated. One item did not provide coverage 
of the entire event due to a film jam, and one did not have timing. 
The vehicle vertical motion data is not reducible due to timing loss. 


The night launch had no effect on the camera coverage during prelaunch 
operations and during liftoff. Although, as expected, the tracking 


coverage was not nearly as clear as experienced during daylight launches. 
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SECTION 16 
MASS CHARACTERISTICS 


16.1 SUMMARY 


Total vehicle mass, determined from post-flight analysis, was within 0.68 

| percent of predicted from ground ignition through S-IVB stage final shut- 

down. This small variation indicates that hardware weights, propel lant 

re and propel lant utilization were close to predicted values during 
ight. 


. 16.2 MASS EVALUATION 


Post-flight mass characteristics are compared with final predicted mass 
characteristics (MSFC Memorandum S&E-ASTN-SAE-72-87) and the operational 
trajectory (MSFC Memorandum SRE -AERO-MFT-200-72). 


- The post-fright mass characteristics were determined from an analysis of 
all available actual and reconstructed data from S-IC ignition through 
S-IVB second burn cutoff. Ory weights of the launch vehicle are based on 
actual stage weighings and evaluation of the weight and balance log books 
(MSFC Form 998). Propellant loading and utilization was evaluated from 
propulsion system performance reconstructions. Spacecraft data were 
obtained from the Manned Spacecraft Center (MSC). 


Dry weights of the inert stages and the loaded spacecraft were all 
fierce 0.9 percent of predicted, which was well within acceptable 
imits. 


During S-IC burn phase, the total vehicle mass was less than predicted by 
470 kilograms (1036 1bm ) err percent) at ignition, and less than pre- 
dicted by 2878 kilograms 6344 Ibm) (0.34 percent) at S-IC/S-I1 
separation. This difference is the net of a larger than predicted LOX 
loading, and a less than predicted upper stage mass, S-1C fuel loading, 
and residuals on board at separation. S-IC burn phase total vehicle mass 
is shown in Tables 16-1 and 16-2. | 


During S-II burn phase, the total vehicle mass was Jess than predicted by 
740 kilograms (1630 1bm) (0.11 percent) at ignition, and greater than 
predicted by 47 kilograms (103 Ibm) (0.02 percent) at S-11/S-IVB separa- 


load and a higher than predicted upper stage mass. Total vehicle mass 
for the S-II burn phase is shown in Tables 16-3 and 16-4. 
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Total vehicle mass during both S-IVB burn phases, as shown in Tables 16-5 
through 16-8, was within 0.68 percent of the predicted values. A dif- 
ference of 57 kilograms (125 Ibm) (0.03 vercent) greater than predicted 
at first burn ignition was due to S-IVB dry weight, LOX and APS loading. 
The mass at completion of first burn was 956 kilograms (2108 Ibm) (0.68 
percent) higher than predicted and was due primarily to the higher than 
--predicted velocity at S-II stage cutoff. The high velocity at S-II 
cutoff resulted in a shorter than predicted burntime of the S-IVB stage 
to reach the desired trajectory end conditions and consequently more 
propellants were onboard at this time than predicted. A longer than 
predicted S-IVB second burn was required because of the mass of the 
extra propellants onboard. Even with the longer burn, the residual pro- 
pellants were 226 kilograms (498 Ibm) (0.35 percent) more than predicted 
but well within typical dispersions. 


A summary of mass utilization and loss, both actual and predicted, from 

S-IC stage ignition through spacecraft separation is presented in Table 

-16-9.-- A comparison of actual and predicted mass, center of gravity, and 
moment of inertia is shown in Table 16-10. 
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SECTION 17 © 
LUNAR IMPACT... .. 


17.1 SUMMARY 


The Apollo 17 S-IVB/IU lunar impact mission objectives were. to impact. the 
stage within 350 km of the target, determine the impact time within 1 
second, and determine the impact point within 5 km. The first two objec- 
tives have been met. Further analysis is required to satisfy the third 
objective. Based on analysis to date, the S-IVB/IU impacted the moon 
December 10, 1972, 20:32:40.99 UT (313,180.99 seconds after range zero) 
at 4.33 degrees south latitude and 12.37. degrees west longitude. This 
location is 155 km (84 n miles) from the target of 7 degrees south lati- 
tude and 8 degrees west longitude. 


The velocity of the S-IVB/IU at impact relative to the lunar surface was 
2,544 m/s (8,346 ft/s). The incoming heading angle was 83.0 degrees west 
of north and the angle relative to the local vertical was 35.0 degrees. 
The total mass impacting the moon was approximately 13,931 kg (approxi- 
mately 30,712 Ibm). 


Real-time targeting activities modified the planned first Auxiliary 
Propuision System (APS) lunar impact burn attitude to reduce the burn 
duration. A second APS burn was performed to complete vehicle targeting. 


17.2 TRANSLUNAR COAST MANEUVERS 


Following Command and Service Module (CSM)/Launch Vehicle (LV) separation 
at 13,348 seconds (3:42:28); the CSM was docked with the Lunar Module 
(LM) at 14,231 seconds (3:57:11). The CSM/LM was then ejected from the 
S-IVB/IU at 17,102 seconds (4:45:02). After CSM/LM ejection, the S-IVB/ 
IU was maneuvered to the inertially-fixed attitude required for the 

APS evasive burn. Timebase 8 was initiated as planned at 18,180 seconds 
(5:03:00). The APS ullage engines were ignited 1 second later and burned 
for 80 seconds. Table 17-1 shows that the actual evasive velocity change 
was close to nominal. 


Following the maneuver to the Continuous Vent System (CVS) and LOX dump 

attitude, the initial lunar targeting velocity changes were accomp] ished 
by a 300-second CVS vent starting 1,000 seconds after Tg and a 48-second 
LOX dump starting 1,280 seconds after Tg. Table 17-1 shows that the CVS 
vent and LOX dump were near nominal. 


The Lunar Impact Team (LIT) at the Huntsville Operation Support Center 


(HOSC) decided in real-time to shorten the first APS lunar impact burn 
(APS-1) duration by selecting a more efficient attitude. This change 
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Table 17-1. Transiunar Coast Maneuvers 


TEMEBASE 8 IMI TIATION 


ut Time 7 Dec., ht: mit..sec 10; 36:00 _ 10: 36:00 


§:03:0 
(ia.tes 





5:03:00 


Mange Time, Kr:min-sec 
(38 @, 180) 


(sec) 






Initietion, sec fros Ts 
Ouraetion, sec 


Velocity Increment, @/% 


(¥t/s) 
Pitch Attitude*®, deg. inertial -104,93 
Yow Attitude®, deg, inertial -40,00 


a 


Initiation, sec froa Ts 








Oerstion, sec 








0.40 
(1.39) 


-095.87- 
Yaw Attitude*, deg, inertial o17.87 18.62 


Velocity Increment, a/s 
(fess) 


Pitch Attitude*, deg, {inertial 











— 


Inttistion, sec from T. 












Deration, sec ag 







Veloctty sickieeiel fF a/s 


fs) 
Pitch Ateitude*, deg, {nertial 


9.21 
(30.22) 
-96.25 
- 18.62 






9.10 
(29.86) 
-94.01 
16.60 












Yaw Attitude®, éeq. inertial 








initiation, sec fros T. 







Buretion, sec 98 96 





Velocity Increment, 8/8 4.02 
(ft/s) . (13,19) 

-43.7$ 
-22.86 








(3.38) 
Pitch Attitude*, deg, inertial 41.71 
Yaw Attitude*, deg, trertial ~20.14 

APS SECOND LUMAR JHPACT BURR 
22,320 
102 


















Inttiatteon, sec free Ts 






22,320 


Suretion, sec 162 











Velocity Increment, a/3 
(ft/s) 


Pitch Attitude®, deg, inertial 
Yow Attitude*, deg, iaertial 


4.38 
(14.31) 
178.10 
16.88 


4.29 
(36.07) 
176,21 
«9.131 

















oartitudes are the velocity tacrement étrection. 


BOTE: Neminals are preflight predicted except that the sentaets 
for beth APS lense iapect dberas were determined by the LIT 


de real-tise. 
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conserved propellant for a second APS lunar targeting burn. The commands 
for this maneuver were sent from the Mission Control Canter at Houston 
(MCC-H) by the Booster Systems Engineer (BSE) to the S-IVB/IU). The actual 
APS-1 occurred as planned 4,020 seconds after Tg and was close to the 
(real-time) nominal. The nominal values for APS-1-shown in Figure 17-1 _ 
were selected in real-time and differ from the preflight nominals of 190 
seconds burn time, 8.13 m/s (26.67 ft/s) velocity change, -101.75 degrees 
inertial pitch, and -18.55 degrees inertial yaw. 


Following the APS-1 burn, an attitude maneuver: was accomplished to. prevent 
excessive solar heating of the IU while the Thermal Control System (TCS) 
water valve operation was inhibited. Although the IU's thermal control 
system water valve was closed prior to APS-1 to minimize non-gravitational 
perturbations, MCC-H reported difficulty in the post APS-] orbit determi- 
nation due to venting disturbances. Therefore, the planned contingency 
delay of 1 hour for targeting the second APS impact burn -(APS-2) was 
incorporated. 


Pa Re 


Upon completion of the post. APS-1 orbit determination, MCC-H reported the 
S-IVB/IU would impact the moon at 9.64 degrees south latitude and 15.29 
degrees east longitude, 678 +300 km from the target.. The- LIT decided-an- 
APS-2 burn was required and Selected the nominal conditions shown in Table 
17-1. At 22,320 seconds after Tg, the APS-2 maneuver was performed. 

The actual maneuver as shown in Fable 17-1 was close to nominal. After 
APS-2, the three-axis passive thermal control (PTC) maneuver was initiated 
at 41,503 seconds (11:31:43) range time and the flight controi computer 
was turned off. 


Figure 17-1 presents line-of-sight range rate residuals from the Ascension 
Unified S-Band (USB) tracking station and depicts graphically the major 
S-IVB/IU velocity changes and the PTC tumbling. Residuals are obtained 

by differencing observed range-rate data with calculated range-rate data 
(observed minus calculated). The calculated range-rate data are developed 
from a sophisticated orbital model which is statistically fitted to 
portions of the observed data. Figure 17-2 verifies the reconstruction 
of the maneuvers presented in Table 17-1 by showing the residuals re- 
sulting from the same Ascension tracking data but with the reconstructed 
maneuvers modeled. However, the low-level perturbations occurrin 

during this time period anda discussed in Section 17.3 are not included 

in the preliminary model shown in Figure 17-2. 
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17.3 TRAJECTORY PERTURBATIONS 
17.3.1 Introduction 


Postflight analyses on recent Apollo/Saturn missions have shown sma]l non- 
ravitational acceleraton effects in the S-IVB/IU translunar trajectory. 

Such accelerations have been expected since both S-IVB and the IU stage 

systems vent during normal operation. These smal] vehicle accelerations 

s were of no concern until AS-508 when Lunar impact became a mission objective. 

5 Since the accuracy of the S-IVB/IU's tracking data allows the determination 
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RANGE RATE RESIDUALS - mm/s 


RANGE RATE RESIOUALS-m/s 
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RANGE TIME-MRS: MINS 


Figure 17-1. Translunar Coast Maneuvers Overview 


TIME FROM 00:00:00 GMT-6 DEC., 1972-HRS:HINS 


3:00 5:00 7:00 9:00 13:06 
RANGE TIME - HRS:MINS 


Figure 17-2. Modeled Translunar Coast Maneuvers 
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of these accelerations, attempts have been made to improve lunar impact 
targeting operations and impact location determinations. Also, attempts 
to identify the causes of these trajectory perturbations have been made. 
The identified causes, although incomplete, are reported herein since 
this is the last flight with a lunar impact objective. 7 = 


_ 17.3.2 Trajectory Effects 


= AS-508 range rate tracking data showed a shift at..70,150 sec (19:29:10) 
: that was interpreted as a velocity decrease of 2 to 3 m/s agli a 60 
second period. The velocity change, fortunately, moved the pr icted 
lunar impact point approximately 5 degrees in latitude or 150 km closer 
to the target. 


AS-509 used a Passive Thermal Control (PTC) maneuver to average solar 
heating rates and translational velocity changes due to non-gravitati onal 
forces acting on the vehicle. The PTC maneuver was initiated by ground 
command and established yehicle pitch and yaw rates of 0.3 deg/s.. The 
Flight Control Computer was then inhibited leaving the S-IVB/1IU in a 
“Barbecue” or tumble mode until lunar impact. os 


— a ace a 


No translational velocity perturbations following PTC were identified 
on this flight. 


AS-510 range rate residuals give evidence of a significant velocity 
change following LOX dump. In addition, the data shows that velocity 
changes due to non-gravitational forces occcurred in six steps between 
25,200 and 36,00! seconds (period between APS-1 and APS-2 burns). The 
changes slowed tne S-IVB/IU and perturbed the lunar impact point to the east. 
The velocity steps also caused difficulty in obtaining an accurate state | 
vector on which to base the APS-2 burn. Following the APS-2 burn and “roll- 
only" PTC maneuvers, 4 small unbalanced force perturbed the early period | 
of the post APS-2 trajectory. . This perturbation increased the velocity 
of the S-IVB/IU and perturbed the lunar impact trajectory to the west. 
. The vehicle tumble frequency -increased about 50% following ApS-2 until 
lunar impact (approximately 69.5 hours). The complexity of the 
angular motion also increased. | 


A nliaart, SG re ee renin ge ae re fre ss 


AS-511 did not perform an APS-2 burn because of suspected early deple- 
tion of the APS Helium supply. Therefore, a 3-axis PTC maneuver was 

rformed at 21,306 sec (approximately 6 hours) and the FCC was turned 
off. The PTC tumble rate started at approximately 5.2 cycles per hour 
(cph) and increased 100% in approximately 10 hours. Ouring the next 10 
hours the tumble rate gradually decreased by 10%. 


AS-512 postflight analysis has shown .that non-gravitationa| accelerations 
were acting over part of the trajectory from translunar injection 

(TLI) to impact. From TLI to PTC initiation these perturbations 
produced accelerations on the order of 0.1 mm/s2. After the PTC three- 
axis tumble was initiated, trajectory perturbing accelerations on the 
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order of 0.04 mm/s* continued to act for at least 18 hours. Figure 17-3 
shows range-rate residuals produced by fitting a gravity only trajectory 
to the last 46 hours of tracking data. The deviations. in residuals at 
the beginning of this time span indicate that non-gravitational accelera- 
tions acted on the S-IVB/IU. 


The residuals in Figure 17-4 show the results of incorporating a prelimi- 
nary model of a small constant non-gravi tational acceleration acting . 
after APS-2. The improvement in the residuals confirms the presencé 

of perturbing influences acting on the vehicle. The observation of | 

the effects of perturbing influences confirm real-time reports from 
MCC-H. The actual magnitude, direction, and duration of these perturb- 
ing accelerations have not been determined. 


17,323 Perturbing Mechanisms 


The velocity change observed on AS-508 at 70,150 sec correlates with loss 
of attitude control inputs to the APS system and resulting unplanned APS 


firing in pitch, yaw, and roll. This loss of attitude control-resulted - -~~ - 


from the 6D10 battery, which supplies power to the Launch Vehicle Dig- 
ital Computer (LVDC), depleting at 68,948 seconds. It is quite possible 
that. the full-on yaw/roll APS control engines provided the translational 
velocity change seen in the trajectory data. Therefore, all subsequent 
flights were planned to incorporate (1) a passive thermal control (PTC) 
maneuver after the APS-2 lunar impact burn in an effort to average out 
thrust disturbances and (2) turn off the Flight Control Computer (FCC) 
after PTC to eliminate unplanned APS activities. 


The PTC maneuver was performed on AS-509 as planned and the FCC turned 
off. The high tumble rate resulting from the PTC maneuver modulated the 
range rate tracking data and caused difficulty in determining the lunar 
impact point. No trajectory perturbations following the PTC maneuver 
were identified on this flight. 


On the AS-510 flight a velocity change following LOX cump correlates 

with the inadvertent ambient helium dump through the J-2 engine. The 
velocity steps that occurred on AS-510 between APS-1 and APS-2 burns corre- 
late with the times of the 1U TCS sublimator cycling and the subsequent 
APS reaction firings to maintain the vehicle attitude. In addition to 
shifting the projected lunar impact point, these velocity steps caused 
difficulty in obtaining an accurate state vector on which to base the 


stage performed a "roll-only" PTC maneuver and the FCC was turned off. 
Since the IU TCS sublimator continues operation for several thousand 
seconas after APS-2 it probably accounts in part for the small non-gravi- 
tational force that perturbed the early portion of the post APS-2 
trajectory. Also, the venting of the IU’s gas bearing system for several 
thousand seconds after APS-2 may account for part of the perturbing 
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RANGE RATE RESIOUALS-ma/8 





— 300 
40:00 50:00 60:00 70:00 80:00 90:00 100:00 116:00 120:00 
11ME FROM 00:00:00 GNT, 6 DEC., 1972-HRS: MINS 
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RANGE TIME, HOURS :RIMUTES: SECONDS 


Figure 17-3. Gravity-Only Lunar Impact Trajectory Residuals 





RANGE RATE RESIDUALS-aa/s 


40:00 50:00 60:00 70:00 80:00 90:00 100:00 110:0@ 120:00 
TIME FROM 00:00:00 GMT, 6 DEC... 1972-NRS:MINS 





20:00 30:00 40:00 50:00 60:00 70:00 86:00 90:00 
WORE TIME, MOURS -MINUTES : SECONDS 


Figure 17-4. Lunar Impact Trajectory Residuals with Perturbing 
Influences Modeled 
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force. Since the APS system no longer maintains attitude control, these 
forces would also procuce an unbalanced moment which would perturb and 
greatly complicate the roll motion. 

The doubling of the tumble rate seen on AS-511 during the early post 

APS burn period correlates with the period of relief venting from the 
AF. Module No. 2. This venting continued until the APS He supply bottle 
pressure depleted to the lock-up pressure of the relief valve at a 
calculated range time of 15 to 16 hours. i leerang «a 


The AS-512 accelerations during the period from translunar injection to 

PTC initiation were on the order of 0.1 mm/s2. Since the IU TCS sublimator 
water valve was turned off during this period, these perturbations may in 
part be due to the IU gas bearing system venting and associated APS 


attitude control firings. Calculations yield approximately 0.02 mm/s¢ ~ pager ate 


theoretical acceleration from this source. 


After the AS-512 APS-2 burn was completed, trajectory perturbing accelera- 
tions discussed previously continued to act for at least 18 hours. The 


preliminary model of this acceleration was obtained by letting the Lunar------_ > oS" 


Impact Determination program solve for an average acceleration over this 
18-hour period. The preliminary model gave an average acceleration of 0.04 
mm/sZ.resulting in a possible 2.8 m/s post APS-2 total velocity change. The 
observation of the post APS-2 effects of perturbing influences confirm 
real-time reports from MCC-H. The actual magnitude, direction, and dura- 
tion of these perturbing accelerations have not been determined. 


Since the TCS water valve is commanded on after APS-2, possible AS-512 
post APS-2 perturbation sources may be the IU's sublimator venting as well 
as the gas bearing system. Considerable subliming should take place to 
dissipate the increased system temperatures. 


Eventually, the battery voltage should decrease, the water valve stay 
open and continuous -ubliming take place until the coolant pump ceases 
to circulate fluid. Therefore, the sublimator should have a limited 
lifetime and, coupled with limited gas bearing subsystem venting, may 
cause the observed perturbations for the time period shown. 


A small additional vent of. 0.09 N due to the S-IVB LOX chilldown pump 

purge has been identified. This purge force is expected to act continuously 
until lunar impact and therefore, does not correlate with the 18-hour 
perturbation period identified in Figure 17-3. 


17.3.4 Tentative Conclusions 


These sources are the IU TCS sublimator water vapor and the stable plat- 
“orm gas bearing system GNo venting. However, the 1U TCS sublimator 
was not a venting source On AS-511 or on the early part of Translunar 
Coast (TLC) on AS-512. Due to a leak in the TCS GN2 storage sphere, 
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AS-511 lost sublimator water pressure at about 18,000 seconds effective for 
the remainder of the lunar trajectory. On AS-512 the sublimator water 
valve was turned off in the period from the ArS-1 burn to the APpS-2 
burn in order to eliminate the sublimator as @ venting source. 
Afzer the PTC maneuver the FCC is turned off thereby deactivating the 

APS. However, tracking data show that the stage is still subject to low 
order translational perturbations and to changes in the stage tumble 

rate. The result of the translational perturbations is to shift the 

final impact point on the lunar surface. Further study wou.d be necessary 
to show correlation of the observed perturbations with the known disturbing 
forces. However, analysis has shown that a fixed thrust aligned witn the 
yehicle longitudinal centerline will result ina net translational move- 


ment, even though the vehicle is in a three axis tumble mode. Therefore, «sss. 


it is possible for the observed vehicle perturbations to be caused by the 
type of venting sources that have been identified on the S-IVB/IU stage 
to date. 


17.4 TRAJECTORY EVALUATION 


Table 17-2 presents the actual and nominal geocentric orbital parameters 
of the S-IVB/IU trajectory at 17:03:00, December 7, 1972, (soon after 
the APS-2 burn). The orbital elements are osculating and expressed in 
the true-of-date epoch. 


Table 17-2. Trajectory Parameters After APS-2 Burn 












Inclination, deg 























154.981 
| 5.764 
218,978 


154.915 
-15.551 
218,497 
0.970 396 
154.730 


Argument of Perifocus, deg 





Right Ascension of Node, deg 













Semi-major Axis, ke 






C.970648 
-154.771 


Eccentricity -0.000152 










True Anomaly, d@9 -0.041 


Figure 17-5 presents range-rate residuals showing the first 24 hours of 

OTC tumble. This plot was made continuous by combining residual plots from 
four range-rate trackers (Madrid USB, Goldstone DSN, T:dbinbilla DSN, ard 
Bermuda USB). The initial tumble rate of 5.2 cph (0.52 degrees per 

second) is close to the commanded pitch, yaw, and roll rates. Following 
PTC, a 14- to 16-hour period occurs during which the tumble changes from 


a “three-axis” rotation to a “snin/precession™ rotation. 
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Figure 17-5. Early PTC Tumble Residuals 
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Figure 17-6. Late PTC Tumble Residuals 
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Table 17-3. Lunar Impact Conditions 











~13,931 


Stage Mass, kg 
(ibm) (.30,712) 





Velocity Relative 
to Surface, a/S$ 2,544 
(ft/s) (8,346) 














Impact Ang le Measured 
from Vertical, de9 35.0 


Incoming Heading Angle 
Measured from North to 
west, deg 83.0 


Selenographic Latitude, 
deg 4.33 


Selenographic Longitude, 


deg 12.37 
Impact Time, ut 10 Dec. 20:32:40.99 
Distance to Target. km 155 
(n mi) (84) 

Distance to Apollo 12 
Seismometer, km 33? 
(n mi) (162) 





Distance to Apollo 14 
Seismometer, km 156 
(nm 


1) (84) 


Distance to Apollo 15 
Seismometer, ka 
(na 










Distance to Apollo 16 
Seismometer, ka 851 
(n mi) (460) 
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2,545 
(8,350) 








37.8 
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Figure 17-6 shows Madrid USB, Canberra USB, and Greenbelt USB range-rate 


residuals 20 hours, 41 hours, and 74 hours after PTC initiation, respectively. 


At 20 hours after PTC initiation, the S-IVB/IU had a spin rate around the 
longitudinal axis of 14.5 cph (1.45 degrees per cecond) and a precession 
rate of 5 cph (0.5 degree per second). During the next 55.5 hours to 
impact, the nature of the tumble changed little. The spin rate increased 
to 21 cph (2.1 degrees per second) and the precession rate increased to 
6.5 cph (0.65 degrees per second). 


17.5. IMPACT CONDITIONS 


Figure 17-7 presents the lunar landmarks of scientific interest relative 
to the S-IVB/IU impact. Analysis to date indicates the S-IVB/IU impacted 
the moon at 4.33 degrees south latitude and 12.37 degrees west longitude 
at 20:32:40.99 UT on December 10, 1972, (313,180.99 seconds range time). 
Impact conditions and miss distances are presented in Table 17-3. The 
distance from the impact to the target is 155 km (84 n miles) which is 
within the 350-kilometer mission objective. The distance to Apollo 12 
seismometer is 337 km (182 n miles); the distance to the Apollo 14 seis- 
mometer is 156 km (84 n mites); the distance to the Apollo 15 seismometer 
is 1,035 km (559 n miles); and the distance to the Apollo 16 seismometer 
46 851 km (460 n miles). The impact time presented in Table 17-3 

4s derived from the loss of signal times shown in Table 17-4 and has an 
accuracy one order of magnitude smaller than the mission objective of 


1 second. 
17.6 TRACKING DATA 


Figure 17-8 shows the tracking data available for the trajectory deter- 

mination. Good quality C-band and S-band data were received over nearly 
87 hours of flight to lunar impact. Table 17-5 shows the tracking site 

locations and configurations. 


TRACKING STATION 


Merritt Island 


Table 17-4. Lunar Impact Times 















CORRECTED TIME OF 
DECEMBER 10, 1972 
(UT-HR:MIN:SEC) 


RECORDED TIME ON 
DECEMBER 10, 1972 
(UT-HR: MIN: SEC) 
















20:32:40.98 | 
41.00 
40.99 
40.95 
41.01 


20:32:42.28 
42.30 
42.30 
42.25 
42.30 








Madrid 




















Goldstone 







Bermuda 








Ascension 











Range Tise, sec 313,180.99 





Average 20: 32:460.99 
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APOLLO 17 LUNAR LANDMARKS 


POINT DESCRIPTION LAT-DEG LONG-DEG 
I IMPACT (TRACKING) -4,33 -12.37 
T TARGET -7.00 -8.00 
12 APOLLO 12 SEISMOMETER -3.04 -23.42 
14 APOLLO 14 SEISMOMETER ~3.67 -17.47 
15 APOLLO 15 SEISMOMETER 26.07 3.65 
16 APOLLO 16 SEISMOMETER -8.97 15.51 





-15 -10 -5 
LONGITUDE - DEGREES 


-30 -25 -20 


NOTE: DISTANCES FROM IMPACT POINT IN KILOMETERS 


Figure 17-7. Lunar Landmarks 
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MADW /RR 
GOSW/RR 
HS KW/RR 
MAOB/RR 
60S 8/RR 
HSKS8/AR 
ETCI/RAR 
ACHI/RR 
BOAI/RR 
MIL3/RR 
HAW3/RR 
GUBI/RR 
CROS/RA 


MAOW/RA 
GOSW/RA 
HSKW/RA 
MAOS/RA 
GDS 8/RA 
MSKS/RA 
ACH3/RA 
BDQC/RA 
CROC/RA 


TIME FROM UT 
00:00:00 4 eae 1972 


HOURS 







































































RANGE TIME-HOURS 


Figure 17-8. Tracking Data Availability 


Table 17-5. S-IVB/IU Tracking Stations 




















Madrid, Spain 
Madrid, Spatn 
Ascension Istand 
SGermuda Island 

Merritt Istand, Florids 
Greendelt, Maryland 
Goldstone, Celifernte 
Goldstone, Califernts 
Kavel, Nawal! 

Guan Island 

Carnerven, Austreita 
Tiddbindille, Australts 
Canberra, Australia 
Bermuda Istand 


Carnarvon, Australie 






oSW 85° S-Band 
STDN 85° S-Sand 
ston 30° S-Band 
STOR 30° S-Band 
STDM 30° $-Sand 
STON 30° S-Band 
Osu 85° S-Band 
STON 85' $-Sand 
STDR 30° S-Bend 
stom 30° S-Band 
STON 30° S-Band 
BSH 85° $-Baad 
STON 65° S$-Bend 
FPQ-6 C-Band 
FPQ-6 C-Band 
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SECTION 18 
SPACECRAFT SUMMARY 


Apollo 17 was launched at 00:33:00 EST on December 7, 1972, from Complex 
390A at the Kennedy Space Center. The spacecraft was manned by Captain 
Euqene A. Cernan, Commander ; Commander Ronald E. Evans, Command Module 
Pilct; and Dr. Harrison H. Schmitt, Lunar Module Pilot. The launch was 
delayed 2 hours and 40 minutes because of a failure in the Jaunch 
vehicle ground support equipment automatic sequencing circuitry. 


The spacecraft/S-1VB/IU combination was inserted into an earth parking 
orbit of 90.3 miles by 90.0 miles for systems checkout and prepara- 
tion for the translunar injection maneuver. In accordance with pre- 
flight targeting objectives, the translunar injection maneuver shortened 
the translunar coast period by 2 hours and 40 minutes to compensate 
for the launch delay so that the lunar landing could be made with the 
same lighting conditions as originally planned. After spacecraft 
separation, transposition, docking, and lunar module ejection, the 
evasive maneuver was performed and the S-IVB/IU was subsequently 
targeted for lunar impact. The S-IVB/IU impacted the lunar surface 
about 84 miles from the preplanned point, and the impact was recorded 
by the Apollo 12, 14, 15, and 16 lunar surface seismometers. 


One spacecraft midcourse correction of 10.5 ft/sec was performed during the 
translunar coast phase to achieve the desired altitude of closest approach 
to the lunar surface. The crew performed a heat flow and convection 
demonstration and an Apollo light flash investigation during the 

translunar coast period. Also, the crew transferred to the lunar modu le 
twice and found all systems to be operating properly. 


The scientific instrument module door was jettisoned about 4 1/2 hours 
prior to lunar orbit insertion. The docked spacecraft was inserted 
into a 170-by-52.6-mile lunar orbit following a service propulsion 
firing of 393 seconds. The first descent orbit insertion maneuver at 
90 1/2 hours lowered the spacecraft orbit to 59 by 14.5 miles. 


The crew entered the lunar module at 105 1/4 hours to prepare for des- 
cent to the lunar surface. After powering up the lunar module and 
undocking, the second lunar module descent orbit insertion maneuver 
was performed using the lunar module reaction control system to adjust 
the orbital conditons. The powered descent proceeded normally and 

the spacecraft was landed within 200 meters of the preferred landing 
point at 110:21:57. About 120 seconds of hover time remained at 
touchdown. The best estimate of the landing point is 30 degrees 45 
minutes 25.9 seconds east longitude and 20 degrees 9 minutes 41 seconds 
north latitude on the 1:25,000-scale Lunar Topographic Photomap of 


18-1] 


ee a a ree A SD eS ES ES eal, Satin nen ae AS ee = ee omg ee Fy- re. Hs f * 


engl er = ta eo .aee -- ane me 


hoe ‘ . 
sg Aa 
ee ee, ee 


eg ree enreaeren* * = a 


a 
wom cea ee 


Taurus Littrow, First Edition, September, 1972. 


The first extravehicular activity began at 114:22 (HR:MIN). Lunar Roving 
Vehicle (LRV) offloading and equipment unstowage proceeded normally, and 
television coverage was initiated about 1 1/4 hours into the extravehi- 
cular activity. The lunar surface experiment package was deployed 
approximately 185 meters northwest of the lunar module. Prior to leaving 
the LM site, the right rear fender extension was accidentally broken 
off and emergency repairs were made. The lunar surface experiment 
package deployment, deep core drilling, and neutron probe emplacement 
were accomplished. Two geologic units were sampled, two seismic explo- 
sive packages were deployed and seven traverse aaa ce measurements 
pe taken during the traverse. The samples collected weighed about 

5 pounds. 


The second extravehicular activity began at 137:55. The traverse 

was conducted with real-time modifications to station stop times because 
of geologic interests. At station 4, the crew discovered the first 
evidence of possible volcanic activity on the lunar surface in the 

form of orange soil. Five surface samples and a double core sample 

were taken at this site. Three seismic explosive packages were deployed, 
seven traverse gravimeter measurements were taken, and all observations 
were documented photographically. The time of the second extravehicu- 
lar activity was 7 hours 37 minutes with 77 pounds of samp les gathered. 


The third extravehicular activity Legan at 160:53. Specific sampling 
objectives were accomplished at stations 6 and J among some 3 to 4m 
boulders. Again, seven traverse gravimeter measurements were made. 
The surface electrical properties experiment was terminated because 
the receiver temperature was approaching the point of affecting the 
data tape; therefore, the tape was removed at Station 9. 


The crew entered and repressurized the spacecraft after 7 hours and 

15 minutes of lunar surface activity. Samples amounting to about 155 
pounds were obtained on the third extravehicular activity for a grand 
total of 25/7 pounds for the mission. The total distance traveled with 
the LRV during the three extravehicular activities was about 36 


kj lometers. 


In addition to the panoramic camera, the mapping camera, and the laser 
altimeter carried on previous missions, three new scientific instrument 
module experiments rounded out the Apollo 17 complement of orbital 
science equipment. An ultraviolet spectrometer measured lunar atmos- 
pheric density and composition, .an infrared radiometer mapped the 
therma | characteristics of the moon, av 32 lunar sounder acquired data 
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on subsurface structure. 


Lunar ascent was initiated at 185:21:37 and was followed by a normal 
rendezvous and docking. After transferring samples and equipment from 

the ascent stage to the command module, the ascent stage was jettisoned for 
the deorbit firing and lunar impact. The preliminary coordinates of the 
ascent stage impact were 19.99 degrees north and 30.51 degrees east, 

about 0.7 mile from the planned target. 


Transearth injection was initiated at about 234 hours with a service 
propulsion system firing of 144.9 seconds. A 1 hour and 6 minute 
transearth extravehicular activity was conducted by the Command Module 
Pilot. The film cassettes were retrieved from the scientific instru- 
ment module cameras and lunar sounder and the scientific equipment bay 
was visually inspected. 


Entry and landing were normal. The spacecraft landed at 0 degrees 43 
minutes 12 seconds south latitude and 156 degrees 12 minutes 36 

seconds west longitude, as determined by the onboard computer. Total 
time for the Apollo 17 mission was 301 hours, 51 minutes, and 59 seconds. 
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SECTION 19 
MSFC INFLIGHT DEMONSTRATION 


19.1 SUMMARY 


A Heat Flow and Convection Demonstration was performed during Apollo 17 
translunar coast. The data obtained apparently were satisfactory although 
analysis is in progress. There were no reported problems with the experi- 
mental apparatus. 


19.2 HEAT FLOW AND CONVECTION DEMONSTRATION 


ee ee) 


A Heat Flow and Convection Demonstration, similar to the one on Apollo 14, 
was performed on Apollo 17 translunar coast. The three related experi- 
ments comprising the demonstration were convection in a liquid caused by 
surface tension gradients, heat flow and convection in a confined gas at 
low q force (approximately 10-9 g due to Command Service Module drift in 
roll), and heat flow and convection in a confined liquid at low g force. 
The purpose of these experiments was to determine the type and magnitude 
of fluid convection encountered in a near weightless environment. 
Although normal convection is suppressed at near weightlessness, some 
fluid flow will occur due to acceleration impulses, surface tension 
gradients, and expansion. 


The information obtained from this demonstration will provide some of the 
data required to evaluate space manufacturing processes and other future 
space applications. The thermal behavior of fluids is a vital part of 
manufacturing processes involving liquid separation, precipitation, 
solidification, etc. 


The experimental apparatus consisted of a package with three test con- 


figurations, each of a particular geometry and each containing a specially 
chosen fluid. Data was recorded by a 16 sm camera which was attached to 


the package. 
19.2.1 Flow Pattern Experiment : 


i 
2 
; 
: 
a 
f 
x. 


The purpose of the Flow Pattern Experiment was to investigate convection 
in a liquid caused by surface tension gradients. The surface tension 
gradients are generated by heati-.y a thin layer of liquid with a free 
surface. These surface tension gradients generate a cellular circulation 


pattern known as Bénavd cells. 
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The experimental apparatus consisted of an open dish containing liquid 
Krytox oi] that was uniformly heated from the bottom. The oil contained 
suspended aluminum flakes to permit direct observation of flow patterns. 
The cover of the dish was opened during the actual experiments to expose 
the free surface of the liquid to the spacecraft atmosphere. 


Runs were made with liquid depths of two and four millimeters. In the 
two millimeter run, convection was evident within a few seconds after 
initiation of heating as compared to five minutes in an earth environ- 
ment. Benard cells were formed, but were less orderly and symmetrical 
than earth environment patterns. Steady state was reached in about seven 
minutes. 


In the four-millimeter run, the Bénard cells were more regular and larger 
than in the two-millimeter run. Steady state had not been reached at the 
conclusion of the 10 minute heating period. 


19.2.2 Radial Heat Flow Experiment 


The purpose of this experiment was to investigate heat flow and convec- 
tion in a gas at low gravity conditions. 


The experimental apparatus consisted of a centrally heated closed 

cylinder filled with argon gas. Liquid crystal temperature sensing strips” 

were located to measure gas temperature changes radially from the heater. 

These strips change color in response to temperature changes and the color 
changes are recorded on 16 mm color film. 


The experiment was conducted as planned. The operation of all equipment 

and the data obtained were apparently satisfactory. Computer analyses 

are currently being made to evaluate the scientific performance of the | 

experiment. 
j 


19.2.3 Lineal Heat Flow Experiment 


This experiment was similar to the gas experiment described in 19.2.2, 
except that the fluid medium was Krytox oi] and the cylinder length-to- 
diameter ratio was greater So that lengthwise heating was measured. 
Equipment operation and data obtained were apparently satisfactory. 
However, the results of computer analyses of the data are in progress. 
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SECTION 20 
LUNAR ROVING VEHICLE 


20.1 SUMMARY 


The Lunar Rovina Vehicle (LRV) satisfactorily supported the Apollo 17 
Taurus-Littrow lunar surface exploration objectives. The total odometer 
distance traveled during the three Extra Vehicular Activities (EVA‘'s) 

was 35.7 kilometers at an average velocity of 7.75 km/hr on traverses. 

The maximum velocity attained was 18.0 km/hr and the maximum slopes nego- 
tiated were 18 degrees up and 20 deqrees down. The average LRV energy 
consumption rate was 1.64 amp-hours/km with a total consumed energy of 
73.4 amp-hours [including 14.8 amp-hours used by Lunar Communication Relay 
Unit (LCRU)] out of an approximate total available energy of 242 amp-hours. 
The navication system gyro drift and closure error were negligible. 


Contrellcbility was good. There were no problems with steering, braking, 
or obstacle negotiation. Brakes were used at least partially on all down- 
slopes. Oriving down sun was difficult because the concealed shadows 


caused poor obstacle visibility. | 


While the LRV had no problems with the dusc, stowed payload mechanical 
parts attached to the LRY tended to bind up. The crew described dust as 
being an anti-lubricant and reported that there was no EVA-4 capability 

in many of the stowed payloac items because of dust intrusion. Large 
tolerance mechanical items such 2s locking bags on the gate and the pallet 
lock had problems toward the end of EVA-3. Only those items which had 
been protected from the dust ncrformed without degradation. 


All interfaces between crew, LR and stowed payload were s~“isfactory. 
The followina LRV system anomalies were noted: 


a. At initial power-up, the LRV ba:tery temperatures were higher than 
predicted (reference naragraph 20.12). 


b. Battery No. 2 temperature tndication was off scale low at start of 
FYA-3 (reference paragraph 20.8.3). 


c. The right rear fender extension was broken off at the Lunar Module 
(LM) site on EVA-1 prior to driving to the Apollo Lunar Surface 
Experiments Package (ALSEP) site (reference paragraph 20.11). 


a aieienand - 
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20.2 DEPLOYMENT 


Deployment of the LRV from the LM was completed successfully using less 
than 10 minutes of crew time. The operation was smooth and no problems 
were encountered. The landing attitude of the LM was favorable (less 
than 3° inclination) and did not adversely affect the operation. The 
chassis lock pins did not seat fully in place but the crew had no 
difficulty in seating the pins by using the dployment assist tool per 
normal procedures. LRV set up and checkout reouired less than 9 minutes 
of crew time. 


20.3 LPV TO STOWED PAYLOAD INTERFACE 
The interfaces between the stowed payloads and LRV were satisfactory. 
20.4 LUNAR TRAFFICABILITY ENVIRONMENT 


The lurain created no unusual operating preblers for the LRV. Traverses 
are shown in Figure 20-1. In genera?. the lunar surface charcter was 
gently undulated, hummocky, abundantiy cratered and somewhat rougher 
than expected. 


On the basis of crew debriefinos and EVA photcoraphic coverage, it 
appears that the LRV was operated uphill on slopes of 18 dearees or 

more and downhill on slopes of 20 degrees or more. Because of its 

light weight and the excellent traction obtained, the general performance 
of the vehicle on these slopes was satisfactory. Maneuverina the vehicle 
on slopes consisted primarily of uphill and downhil! travel and did not 
present any serious problems. Maximum speed reached was 18 kph down- 
slope. Vehicle traverse cross slope caused discomfort to the crewman 

on the down-slope side and was avoided whenever possible. The crew 

also reported that driving on the lunar surface reouires a constant 
effort to avoid obstacles. 


20.5 WHEEL SOIL INTERACTION 


As on Apollo 15 and 16, the LRV made only a shallow imprint on the lunar 
surface. This crew observation is supported by numerous photographs 
obtained durina the lunar surface EVA's. The depth of the wheel tracks 
averaged 1-1/2 cm (1/2 in) for a fully loaded LRV (vehicle, crew, payload). 
The LRV wheels developed excellent traction in the lunar surface material. 
In most cases a sharp imprint of the Chevron tread was clearly discernible, 
indicating that the surface soil possessed cohesion and the amount of 

wheel slip was minimal. The shallow wheel track indicates that good flo- 
tation was provided by the wheel design and also indicates that the primary 
energy losses were due to compaction and rolling resistance and that bull- 
dozing was minimal. This observation is supported by the small error in- 
traverse closure in the navigation system. 
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20.6 LOCOMOTION PERFORMANCE 


The locomotion performance of the LRV was satisfactory and met all of 
the demands of the Apollo 17 mission. Comparison of the LRV amp-hour 
integrator readings with pre-fliaht predictions (Figure 20-2) shows 
that the LRV power usage was as expected. Locomotion performance is 
contained in Table 20-1. As shown in Apollo Lunar EVA Summary, Table 
20-2, a longer traverse and a greater distance from the LM was achieved 
during EVA-2 than any prior mission. 


140 ae a RECONSTRUCT ION 
_. — == PRELAUNCH PREDICT 10 (SOL 8B) 






qep - HOURS PER BATTERY 


RESERVE 


CUMULATIVE EVA DISTANCE (104) 


Figure 20-2. LRV Power Usage 
20.7 | MECHANICAL SYSTEMS 
20.7.1 Harmonic Drive 


The harmonic drive performed satisfactorily; no excessive power con- 
sumption or temperatures were noted nor was any mechanical malfunction 


apparent. 
20.7.2 Wheels and Suspension 


The wheels and suspension systems performed as expected. The maximum 
vehicle speed/obstac le size encountered was 10-12 kph over an obstacle 
30 centimeters high. The vehicle scraped bottom occasional ly. 

left front wheel sustained a dent (about the size of a tennis ball} on 
the side wall but Tocomotion performance was not affected. 
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Odometer Distance (Traverse) - Distance D> odometer Distance (Additions!) - Includes 
distance between LM and Surface Elec- 


actually driven from treverse starting 
point to end point. trical Properties (SEP) or LM and ALSEP 
not included in traverse distance. 


B> Wander Factor = Traverse Odometer _- Map Distence 
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Table 20-2. Apollo Lunar EVA Summary .. 


Drive Time (hr:min) 

Map Distance (km) 

Serfece Distance Traversed (tm) 
EVA Duration (he:win) 

Awerage Speed (kph) 


Energy Rate 
hemp-Ver jem (LAY Only} 


fap-Hours Consemed 
(262 Available) 


Nev. Closure Errer (tm) 
aber of Nev. Updates 
Moxiaum Range from LM (kn) 


Longest EVA Traverse (km) 


Rock Sesples Returned ()hn) 
LAV Mexteum Weight (tes) 
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20.7.3 Brakes 


The LRV braking capability was reported to be excellent and the vehicle 
came to a complete stop within one to three yehicle lengths. There was 
no instance of "fade" even during prolonged down-slope braking. 


20.7.4 ‘Stability 


The LRV stability was satisfactory. The LRV had no tendency to roti ; 
and its response was predominantly a pitching motion. The crew felt 

that individual wheels became airborne occasionally, but did not cause 

a controllability problem. Driving cross slope was uncomfortable 

to the crewnan on the down-s lope side and was avoided whenever 

possible. 


20.7.9 Hand Controller 
The hand controller performed satisfactorily. 
20.7.6 Loads 


Instrumentation was not provided on the LRV to ascertain induced loads. 
No evidence of load problems was reported. 


20.8 ELECTRICAL SYSTEMS 


The LRV electrical systems satisfactorily supported the lunar surface 
exploration. The battery temperature anomaly had no major impact on the 
mission (see 20.8.3)- 


20.8.1 Batteries i 


The battery capacity was more than adequate for the mission. Amp- hour 

usage including LCRU, was estimated to be 73.4 out of a nominal capacity 3 
of 242 amp-hours for the two batteries. | 
20.8.2 Traction Drive System 


The traction drive system performed satisfactorily. There were no 
indications of any off nominal conditions within the traction drive and | 
all four units performed as expected. The maximum temperature reported of | 
any traction drive unit was 270°F and occurred at Station 6 on EVA-3. | 
| 
| 


20.8.3 Distribution System 
The electrical distribution system provided power to all functions as required. 


However, battery No. 2 temperature indication was off scale low during power- : es 
up at the beginning of EVA-3. This condition continued for the remainder of the oh 
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mission. The most probable cause Was 4 shorted temperature sensor in 
the battery, which would cause the meter to read off scale low. This 
same condition was noted on two batteries previously tested at tempera- 
tures above the qualification level. Electrolyte leakage through the 
sensor bond caused by the elevated temperatures appears to have caused 
the short. There was no impact on the mission. Temperature monitoring 
was continued using Battery No. 1 as an indicator and using temperature 
trends established from actual data on EVA's-1 and -2. Normal per for- 
mance monitoring was continued, using amp-hour integrator data. 


20.8.4 Steering 


The LRV steering performed satisfactorily for all three EVA's. Con- 
trollability was excellent. The Commander (COR) reported that good 
vehicle maneuverability using double Ackerman steering made this the 
preferred mode. The CDR felt that a single steering mode (locked rear 
steering) would not have given the required maneuvering capability for 
this particular area. 


and craters from 5 to 10 meters in size, rather than steer around them 
and put the LRV into cross slope conditions. 


20.8.5 Amp-Hour Integrator 


The Amp-Hour Integrator performed satisfactory throughout all three 
EVA-s. Amp-hour usage is shown in Figure 20-2. 


20.9 CONTROL AND DISPLAY CONSOLE 


The control and display console displays performed satisfactory. The 
only indication loss was attributed to a faulty sensor, as discussed in 
Section 20.8.3. There were No occurrences to suggest improper switch 
or circuit breaker positions. 


20.10 NAVIGATION SYSTEM 


The Navigation System satisfactorily supported the Apollo 17 mission. The 


position error was well within the mission planning value of 100 meters 
during all EVA's and no update was required. Table 20-1 contains a 
summary of navigation performance. 


The LRV Vehicle Attitude Indicator pointers tended to stick throughout 
all three EVA's. There was no impact on the mission as the pointers 
worked when the crew tapped the unit. There was no recurrence of 
Vehicle Attitude Indicator scale problem reported on Apollo 16, LRY-2. 


20.11 CREW STATION 


The crew reported no problem with the crew station. The seat belt 
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design functioned satisfactorily. The ground adjustments proved to be 
very good, with only minor adjustments required on the lunar surface. 
Access and stowage was adequate. 


During Extravehicular Activity (EVA-1) at the LM prior to driving 

co ALSEP, the COR inadvertently pulled off the right rear fender exten- 
sion by catching it with the hammer carried in the right leg pocket of 
the Extravehicular Mobility Unit (EMU). 


While still at the LM site, the CDR spent approximately 12 minutes 
taping the extension onto the fender. Because of the dusty surfaces, 
the tape did not adhere and the extension fell off returning from 
Station 1. In the moon's low gravity and hard vacuum, loss of the 
fender extension allowed dust to be thrown forward by the revolving 
rear wheel onto the LRV and crew. Per real time procedures estab] ished 
by MSC and MSFC, the crew taped together four Lunar Module (LM) maps 
and fastened them to the fender with two clamps from the LM (refer to 
Figure 20-3). Installation of this fix required approximately 7 
minutes of CDR and Lunar Module Pilot (LMP) surface time at the begin- 
nina of EVA-2. This fix was adequate for the remainder of the mission. 


A fender extension was also lost on Apollo 15 and 16. A fender modification 


was incorporated for Apollo 17 to prevent the fender extension from 
being dislodged from its guides. The fix would have been effective 
except that the force applied was so great that it fractured the guide 


material. 
20.12 THERMAL 


The thermal control system satisfactorily supported all the Apollo 17 
mission lunar surface operations. At initial power-up, the LRV battery 
temperatures were higher than predicted and the right battery indicated 
15°F higher than the left (95°F left and 110°F right actual vs. 80°F 
pre-mission predicted). The higher temperature was due to hot holds 
(orientation of LRV toward the sun instead of passive thermal contro! 
during translunar coast. Based on the LM solar attitude during trans- 
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lunar coast, the LRV temperature of 95°F is reasonable at initial power-up. 
There was no apparent performance degradation throughout the mission due 
to the high battery temperatures. Battery temperatures at LRY closeout 
were indicated to be 139°F for Battery No. 1 and 148°F (calculated) for 
Battery No. 2. Predicted temperatures were 140°F and 148°F (8° included 
for meter bias). This meter bias was confirmed by caution and warning 
flag activation on EVA-2. The flag, which activates at 125°F activated 
when the meter indicated 132°F. All temperature values shown will be 
meter values and will include this bias. Because of this bias an 
indicated battery temperature limit of 148°F was agreed to prior to 
EVA-2. The amp-hour usage of both batteries followed the predicted 
curves throughcut the mission. 


The probable cause of the temperature difference between batteries at 
initial power-up (95°F left and 110°F right) 1s heat absorption by the 
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Figure 20-3. 





LRV Fender Fix 
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was parked heading up-sun for best radiation to deep space a 


_ operating temperature meter for Battery No. 


wax tank on the left battery. The right battery has no wax tank and it would 


would have been unusual for both batteries to be at the same tem- 
perature above the wax tank melting point (93°F). 


Revised parking constraints and careful attention to battery dusting 
procedures by the crew provided better cooldown than on previous missions. 
The COR reported that careful dusting of the LRV battery covers at 

each stop, resulted in relatively dust-free radiators through al] three 
EVA's. By keeping the covers clean, dusting of the battery mirrors was 
not required until the end of EVA-2. Additionally, per alternate pro- 
cedures, the battery covers were opened at the ALSEP site during EVA-1 
and at Station 6 during EVA-3 to maintain batteries within acceptable 


limits. 


All LRV components remained within operational temperature limits throughout 


the three lunar surface EVA's. As predicted, motor temperatures were 
"“off-scale-low" (below 200°F) throughout most of the EVA's. The maxi- 
mum motor temperature of 970°F (131°C) occurred during EVA-3. 


Figures 20-4 and 20-5 present the battery profiles for the three EVA's. 


Because of the high battery temperatures at initial power-up the LRY 

nd the dust 
covers were opened during the ALSEP deployment period. The anticipated 
cooldown of 10°F (6°C)* for Battery 2, and 4°F (2°C)* for Battery No. | 
was achieved. The battery 1 and 2 temperatures, with the LRV supplying 
LCRU power, were 108°F (42°C) and 123°F (51°C)* at the end of EVA-1. 


Adequate battery ccoldown was obtained between EVA's 1 and 2. EVA-2 
began with battery temperatures of 70°F (21°C)* and 92°F (33°C)*. The 
warning flag activated on attery 2 when the meter indicated 132°F 

(56°C). EVA-2.ended with temperatures of 114°F (46°C)* and 138°F (59°C)*. 


EVA-3 began with a Battery No. | temperature of 95°F (33°C) and a non- 

2 [estimated temperature was 
120°F (49°C)]. Per alternate procedures the dust covers were opened at 
Station 6 to maintain batteries within thermal limits. the final 
recorded temperature for Battery No. | was 139°F (59°C). A warning 
flag was also noted for Battery No. 1 at that time. It is estimated 
that the final Battery No. 2 temperature was about 148°F (64°C). 


20.13 STRUCTURAL 


There was no structural damage to the load bearing members of the LRV. 


A rear fender extension was dislodged on EVA-1 (refer to paragraph 20.11). 


20.14 LUNAR ROVING VEHICLE CONF IGURAT ION 


LRV-3 was essentially unchanged from LRY-2 which was flown on Apollo 16 
other than those changes shown in TabLe 20-3. Refer to Saturn ¥ Launch 
Vehicle Flight Evaluation Report - AS-510, Apollo 15 Mission for a basic 


Vehicle Description. 


*Temperature as read by crew. Subsequent analysis indicated actual tes- 
peratures to be 8° lower than readouts. 
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Significant configuration changes are contained in Table 20-3. 


Table 20-3. LRV Significant Configuration Changes 















To provide crew with resdy reference for 


Add index ring for azimuth alignment 
Tow gain antenna azicwth peinting angle. 


dial on low gain antenns. 


Install surface electrical properties 
(SEP) experiment sie cable (signal 
processing mit te ). 


Aéé Gust cover to SEP connector. 


To provide vehicle location data te 3EP. 


t 
; 
t 
| 
5 

















To prevent contamination from entering 
receptacie. 


Russe sewed taiprevens tear fers 












Move Buddy/Secondary Life Support System 
(B/SiSS) holding strap from LP seat back 
to COR seat beck. 

Add doce) te aft chassis locating pallet 
stop tether. 


Install new feader extension stops of 
all feur fenders. 







Te provide crew with fadicater of pro- 
per hole to use with step tether. 







To prevent toss of feader extension 
during lunar operet ion. 
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APPENDIX A 
ATMOSPHERE 


This appendix presents a Summary of the atmospheric environment at Taunch 
time of the AS-512. The format of these data is similar to that presented 
on previous launches of Saturn vehicles to permit comparisons. Surface 

and upper level winds, and thermodynamic data near launch time are given. 


A. GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME 


During the evening launch of Apollo 17, the Cape Kennedy launch area was 
experiencing mild temperatures with gentle surface winds. These condi- 
tions resulted from a warm moist air mass covering most of Florida. This 
warm air was separated from an extremely cold air mass over the rest of 


through the Florida panhandle. See Figure A-1. Surface winds in the 
Cape Kennedy area were light and northwesterly as shown in Table A-1. 
Wind flow aloft is shown in Figure A-2 (500 millibar level). The maximum 
wind belt was located north of Florida, giving less intense wind flow 
aloft over the Cape Kennedy area. 


A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 


At launch time, total sky cover was 5/10, consisting of scattered strato- 
cumulus at 0.8 kilometers (2,600 ft) and scattered cirrus at 7.9 kilometers 
(26,000 ft). Surface ambient temperature was 294°K (70.0°F). Ouring 
ascent the vehicle did pass through some thin cirrus clouds. All surface 
observations at launch time are summarized in Table A-1. Solar radiation 
data for the day of December 6, 1972, are given in Table A-2. 


A.4 UPPER AIR MEASUREMENTS 


Data were used from three of the upper air wind systems to compile the 
final meteorological tape. Table A-3 summarizes the wind data systems 
used. Only the Rawinsonde and the Loki Dart meteorological rocket data 
were used in the upper level atmospheric thermodynamic analyses. 


A.4.1 Wind Speed 
Wind speeds were light, being 3.6 m/s (7.0 knots) at the surface and 


increasing to a peak of 45.1 m/s (87.6 knots) at 12.18 kilometers (39,960 
ft). The winds began decreasing above this altitude, becoming relatively 
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Table A- 








" 07.00 
08.00 
09 .00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 


Solar Radiation a 


t AS-512 Launch Time, 


TOTAL HORIZONTAL 
SU 
G-CAL/ 


“MIN 








0.00 
0.04 
0.17 
9.53 
0.63 
0.62 
0.83 
0.71 
0.52 
0.39 
0.11 
0.01 
0.00 


3. Systems Used to Measure Upper Air Wind Da 


58 20 
(131 107) 













NO 
INCIDENT 


0.00 0.00 
0.02 0.04 
0.20 0.10 
1.14 0.00 
1.32 0.00 
0.69 0.18 
0.92 0.24 
0.89 0.23 
0.51 0.31 
0.63 } 0.23 
0.14 0.10 
0.01 0.01 
0.00 0.00 
ta for AS-512 


PORTION OF DATA USED 





G-CAL/CH2-MIN | G-CAL/O4 


Launch Pad 39A 


DIFFUSE 
(SKY) 


2-MIN 





light at 22.88 kilometers (75,065 ft). Above this level, winds increased 
to a peak of 77.0 m/s (149.7 knots) at 44.50 Km (145,996 ft) altitude as 
shown in Figure A-3. Maximum dynamic pressure occurred at 13.06 kilo- 
meters (42,847 ft). At max Q altitude, the wind speed and direction was 
33.2 m/s (64.5 knots), from 314 degrees. 


A.4.2 Wind Direction 


At launch time, the surface wind direction was from 300 degrees. The 
wind direction varied, between southwest and northwest, with increasing 
altitude over the entire profile. Figure A-4 shows the complete wind 
direction versus altitude profile. As shown in Figure A-4, wind direc- 
_ tions were quite variable at altitudes with low wind speeds. 


A.4.3. Pitch Wind Component 


The pitch wind velocity component (component parallel to the horizontal 
projection of the flight path) at the surface was a tailwind of 3.2 m/s 
(6.1 knots). The maximum tailwind, in the altitude range of 8 to 16 kilo- 


A.4.4 Yaw Wind Component 


bd 


The yaw wind velocity component (component normal to the horizontal pro- 
jection of the flight path) at the surface was a wind from the left of 
1.7 m/s (3.3 knots). The peak yaw wind velocity in the high dynamic 
pressure region was from the left of 29.2 m/s (56.8 knots) at 11.35 kilo- 
meters (37,237 ft). See Figure A-6. 


A.4.5 Component Wind Shears 


The largest component wind, shear (ah = 1,000 m) in the max Q region was a 
pitch shear of 0.0177 sec”) at 7.98 kilometers (26,164 ft). The largest 
aw wind shear, at these lower levels, was 0.0148 sec! at 10.65 kilometers 
(24,940 ft). See Figure A-7. 


A.4.6 Extreme Wind Data in the High Dynamic Region 


A summary of the maximum wind speeds and wind components is given in Table 
A-4. A summary of the extret.2 wind shear values (ah = 1,000 meters) is 


given in Table A-5. 
A.5 THERMODYNAMIC DATA 


Comparisons of the thermodynamic data taken at AS-512 launch time with the 
annual Patrick Reference Atmosphere, 1963 (PRA-63) for temperature, pres- 
sure, density, and Optical Index of Refraction are shown in Figures A-8 
and A-9, and are discussed in the following paragraphs. 
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Figure A-3. Scalar Wind Speed at Launch Time of AS-512 
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Figure A-4. Wind Direction at Launch Time of AS-512 
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Table A-4. Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 501 through Apollo/Saturn 512 Vehicles 


MAXIMUM WINO MAXIMUM WIND COMPONENTS 






ALT 
KM 
(FT) 






PITCH (Wx) 
NUMBER M/S x 


(KNOTS) (KNOTS) 

















9.00 
(29,500) 


12.9 
(25.1) 




























11.50. 
(37 ,700) 









































































































































































13.00 12.9 15.75 | 
(42 ,650) (25.1) | (51,700) 3 
| 
|... 15.22 22.6 15.80 
(49 ,900) (43.9) | (51.800) 
11.73 21.7 11.43 
(38 ,480) (42.2) | (37,500) 
— yas] 18.7 14.85 
(46 520) (36.3) | (48,720) 
11.40 7.1 12.05 
(37 ,400) (13.8) (39 ,530) | 
14.23 13.65 a 
(46 670) (44 ,780) : | 
13.58 15.0 12.98 ca 
(44,540) (29.1) | (42,570) ) 
13.33 24.9 | 10.20 4 
18.6 |. 13.75 73 13.43 ad 
(36.2) | C48 119) (14.2) | (44 040) aH 
26.1 7 | 11.85 12.5 | 15.50 4 
45.1 - 12.18 29.2 - 11.35 
(87 .6) ) | (56.8) *: | (37 237) 
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Table A-5. 






















VEHICLE 
NUMBER 





0.0066 
0.0125°°|° °° 
0.0103 
0.0248. | 
0.0203 
0.0077 
0.0183 
0.0166 


0.0201 






0.0110 
0.0095 | 


0.0177 © 
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Extreme Wind Shear Values in the High Dynamic Pressure Region 
for Apollo/Saturn 501 through Apollo/Saturn 512 Vehicles 


ALTITUDE 
(FT) 


10.00 
(32 800) 


13.28 
(43 500) 


15.78 
(51 800) 


14.68 
(48 160) 


(50 950) 
10.30 


(33 730) 
14.58 © 
(47 820) 


13.98 


41.85 


(38 680), 
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Table A-6. 





A.5.1 Atmospheric Tempe rature 


Atmospheric temperature di €ferences were small, generally deviating less 
than 5 percent from the PRA-63, below 59 kilometers (193,570 ft) altitude. 
Temp--2tures did deviate to -4.82 percent of the PRA-63 value at 24.50 

km (80,380 ft). -- Air temperatures were generally warmer than the PRA-63 
from the surface through 16 kilometers (52,493 ft). Above this altitude, 
temperatures became cooler than the PRA-63 values through 42.0 km 
(137,794 ft). Above this level temperatures were again warmer than the 
PRA-63. See Figure A-8 for the complete profile. 


4.5.2 Atmospheric Pressure 


Atmospheric pressure deviations were slightly greater than the PRA-63 
pressure values from the surface to 20.60 kilometers (67,584 ft) alti- 
tude. Above this level pressure became less than the PRA-63 with a peak 
deviation of -8.78% occurring at 42.50 kilometers (139 ,434 ft) altitude. 
See Figure A-8. 


A.5.3 Atmospheric Density 


Atmospheric density deviations were small, being within 4 percent of the 
PRA-63 below 36 kilometers (118,109 ft) altitude. The density deviation 
reached a maximum of 3.91 percent greater than the PRA-63 value at 17.00 
kilometers (55,774 ft) as shown in Figure A-9. 


A.5.4 Optical Index of Refraction 


The Optical Index of Refraction at the surface was 4.7 x 1078 units lower 
than the corresponding value of the PRA-63. The maximum negative devia- 
tion of -8.37 x 10° occurred at 250 meters (820 ft). The deviation then 
became less negative with altitude, and approximated the PRA-63 at high 
altitudes, as is shown in Figure A-9. The maximum value of the Optical 
Index of Refraction was 1.81 x 10-6 units greater than the PRA-63 at 5.5 
kilometers (18,044 ft). eo 4 o | | 


a.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN V LAINCHES 


A summary of the atmospheric data for each Saturn V launch is shown in 
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APPENDIX B 
AS-512 SIGNIFICANT CONFIGURATION CHANGES 


B.1 INTRODUCTION 


The AS-512, twelfth flight of the Saturn V series, was the tenth manned 

lio Saturn V vehicle. The AS-512 launch vehicie configuration was 
essentially the same as the AS-511 with significant exceptions shown in 
Tables B-1 through B-4. The Apollo 17 spacecraft structure and components 
were essentially unchanged from the Apollo 16 configuration. The basic 
launch vehicle description is presented in Appendix B of the Saturn Vv 
Launch Vehicle Flight Evaluation Report, AS-504, Apollo 9 Mission, 


MPR-SAT-FE-69-4. 


Table B-1. nfiguration Changes 
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Table B-4. IU Significant Configuration Changes 






















































MFCY subsystes is an longer required te per- 
fore on active function during either pre- 
launch chechowt or Flight operation. 


Removed modulating flow coatrel valve (MFCY). 
electronic Controller. fz flowmeter and 
assecvated hardware from Ws. 
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on (CS panel, ene lecated on each side ef the 
subi imator . 
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The wirtng of the “S/C Separation Monitor 
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Contacts” ef relay K%. 
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wmilical te DINZ4 er DIR? ef the LYDA/L VOC. 


Mehes the commend systew enable redundent 
even with the less of +6093 prier te issuance 
- of the commbad systen enadle commend. 











Cltminste sims failure point which could 
couse eorty, lace or errencous tise base | 
(18-1) stort times. 


Eleminate potential erroneous accelereneter 
pechup signal. 


- + elma me - tes .- 















lacorperated, “or” gating of DINZ6 and DIN? 

and eliminated the vertical ecceleroneter 

Signal as a bechup hiftet? signe) tn the - os 
software progres. 


Added lightatag detection devices. 













Te establish means of determining the astere 
or magnitude of 2 lightat strike. 


Reduced possible failure nade of the MLR cords 
fa the POVDDAS assanb} les. 





Replaced Mallory TAH wet vlug capeci ters 
ia the PCV/DDAS assexdly. 


Changed mecsurenent 9011-601 to 3C25-602. 


Deleted anesuremmats F2-601, ¥63-60! and 
wuS9-601. 






Te provide better fleié temperature dete. 


Rene-¢d sublinetor bypass cestro!l valve sad 
electrenic valve ceatroliler. 









Added mnasurenen ts : Te assign measurement mabers te tu telewetry 


reference voltages and sync words . 








w= 





Starts extra eccelereseter reed telesrtry at 
ede ia of inittalisatien fastesd of 
{| eo 


Te prevent extra accelerometer telesetry fren 
faterfering with tifteff chect or the tower 
avetdence you mneuever. 


















Te precest the ams Wifteff signals and <3 


Vifeet? signal via étacrete Me ty pleted phbagr Hl eg 


7 repleces the acceleremster backup fer 
(attietioes. 


$-IVO engias out taterrept (int 4) 1s reset 
pefere enable. 







Te prevent on ervencess INT 4 from being 
generated as it wes enabled ia TH or TH. 
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